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. 
7500-Ra 

7500-Ra A. lntrodtiction 

1. ocxurrence 

Radium is a radioactive member of the alkaline earth family 
and is widely disseminated throughout the earth’s crust. It has 
four naturally occtming isotopes-11.6d radium-223, 36-d ra- 
dium-224, 1600-year radium-226, and 5.75year radium-228. 
Radium-223 is a member ‘of the uranium-235 series, radium%4 
and radium-228 are members of the thorium series, and radium- 
226 is a member of the uranium-238 series. ‘Ihe contiibtttion of 
radium-228 (a beta-emitter) to the total radium alpha activity is 
negligible because of the 1.9-year half-life of its first alpha- 
emitting daughter producf, thorium-228. The other three radium 
isotopes are alpha-emitters; each gives rise to a series of relatively 
shott-lived daughter pmducts, including three more alpha~mitters. 
’ Because of their longer half-lives and health significance, ra- 
d&n-226 and radinm-228 are the most important radium isotopes 
found in water. Radium is a bone-seeker and high concentrations 
cad lead to malignancies. 

a Approved by Standard Methods Committee, 1993. 

RADIUM* 

2. Selection of Method 

The principles of the two common methods for measuring ra- 
dium are (a) alpha-counting a barium-radium sulfate precipitate 
that has been purified, and (b) measurement of radon-222 pro- 
duced from the radium-226 in a sample or in a soluble concentrate 
isolated from the sample. 

‘he determination of radium by precipitation (Method B) in- 
cludes all alpha-emitting radium isotopes; it is a screening tech- 
ni$re particularly applicable to drinking water. As long as the 
concentration of radium is less than the 226Ra plus =Ra chinking 
water standard, examination by a more specific method is seldom 
needed. This method also is applicable to sewage and industrial 
wastes. provided that steps are taken to destroy organic matter 
and eliminate other interfering ions (see-Gross Alpha and Gross 
Beta Radioactivity, Section 7110). However, avoid igniting sam- 
ple ash or a fusion will be necessary. 

The emanation technique (Method C), based on measurement 
of radon-222, is nearly, but not absolutely, specific for radium- 
226. Procedures for soluble, suspended, and total radium-226 are 
given. 

The sequential precipitation method (Method D) can be used 
to measure either radium-228 alone or radium-228 and radium- 
226. 

7500-Ra B. Precipitation Method 

1. General Discussion 

,& Appli+ion: This method is suitable for determination of 
the alpha-emitting isotopes of radium. 

b. Principle! @cauk of the difference in half-lives of the 
quclides in the @es including the alpha-emitting Ra isotopes, 
these isotopes can be identified by the rate of ingrowth and 
decay of their daughters in a barium sulfate precipitate.‘-3 The 
ingrowth of alpha activity from radium-226 increases at a rate 
governed primarily by the 3.8-d half-life radon-222. The in- 
gmwth of alpha activity in radium-223 is complete by the time 
a radium-barium precipitate can be prepared for counting. The 
ingrowth of the first two alpha-emitting daughters of radium- 
224 is complete within a few minutes and the third alpha 
daughter activity increases at a rate governed by the 10.6-h 
half-life of lead-212. The activity of the radium-224 itself, with 
a 3.6-d half-life, also is decreasing. leading to a rather compli- 
cated ingrowth and decay curve. 

Lead aud barium carriers are added to the sample containing 
,&line citrate, then stilturic acid (H$SO4) is added to precipitate 

dium, 
:e 

barium, and lead as sulfates. The precipitate is purified 
: : .- y washing with nitric acid @ IN@), dissolving in alkaline EDTA, 
. _‘i j,,- y and reprecipitating as radium-barium sulfate after pH adjustment 

‘, _. fl ‘ 
,: 
< ‘5 a , 
; .g: 

to 4.5. This slightly acidic EDTA keeps other naturally occuning 
alpha-emitters and the lead carrier in solution. 

2. Apparatus 

a Counting insm4ments: One of the following is required: 
1) Internal proportiod counrer, gas-flow, with scaler and reg- 

ister. 
2) Alpha scintil@ ion counter, silver-activated zinc sulfide 

phosphor deposited on thin polyester plastic, With photomultiplii 
tube, scaler, timer, and register or 

3) Proportional counter, -thin end-window, gas-flow, with 
scaler and register. 

b. Membrane filter holder, or stainless steel or .TFB filter fun- 
nels, with vacuum source.* 

c. Membrane jilters+ or glass fiber jilters. $ 

3. Reagents 

a. Citric acid, l&f.- Dissolve 210 g H&&@-Hz0 in distilled 
water and dilute to 1 L. 

l Fisher Filtrator CR cquivaknt 

t Miuipon Type HAWP or equivalmt 

$ No. 934-W diameta 2.4 cm, H. Reeve Angel and Co., or qtivalcoL 
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b. Ammonium hydroxide, cone and 5N: Verify strength of old 
N NT&OH solution before use. 

e 
c. Lead nitrate carrier: Dissolve 160 g Pb(NO& in distilled 

ater and dilute to 1 L, 1 mL = 100 mg Pb. 
d. Stock barium chloride solution: Dissolve 17.79 g 

BaClz-2Hz0 in distilled water and dilute to 1 L in a volumetric 
flask;lmL= 10mgBa. 

e. Barium chloride cam’ec To a lOO-mL volumetric flask, add 
20.00 mL stock BaClz solution using a transfer pipet, dilute to 
100 mL with distilled water, and mix; 1 mL = 2.00 mg Ba 

f: Methyl orange ticator solution. 
g. Phenolphthalein indicator solution. 
h. Bromcresol green indicator solution: Dissolve 0.1 g brom- 

cresol green sodium salt in 100 mL distilled water. 
i. Sul’ric acti HrSO,. 1gN. 
j. Nitric acid, HIV@. coot. 
k EDTA reagent, 0.25M: Add 93 g disodium etby~enediamine- 

tetraacetate dibydrate to distilled water, dilute to 1 L. and mix. 
1. Acetic acs cont. 
m Ethyl alcohol, 95%. 
R Acetone. 
0. Clear acrylic solution~$ Dissolve 50 mg clear acrylic in 100 

OIL acetooe. 
p. Standard radium-Z!6 solution: Prepare as dire&d in 

Method C, Ws 3d-f, except that in Ii f (standard radium-226 so- 
lution), add 050 mL BaCla stock solution (1 3~) before adding 
the =Ra solution; 1 mL final standard radium solution so pm 
pared cootains 2.00 mg Ba/mL and approximately 3 pCi 226Ra/ 
mL after the necessary conecting factors are applied. 

Procedure for Radium in Drinking Water and for Dissohred 
dium 

a To 1 L sample in a 15~mL beaker, add 5 mL 1M citric 
acid, 2.5 mL coot WH. 2 mL Pb(NO& carrier, and 3.00 mL 
BaClz carrier. In each batch of samples include a distilled water 
blank. 

6. Heat to boiling and add 10 drops methyl orange indicator. 
c. While stirring, slowly add 18N HzSO4 to obtain a permanent 

pink color, then add 0.25 mL acid in excess. 
o! Boil gently 5 to 10 min. 
e. Set beaker aside and let stand until precipitate has settled (3 

to 5 h or more).ll 
f: Decant and discard clear supernate. Transfer, precipitate to a 

4O-mL or larger centrifuge tube, centrifuge, decant, and discard 
supernate. 

g. Riose wall of centrifuge tube with a l&L portioo of cone 
HNOa, stir precipitate 4th a glass rod, centrifitge, and discard 
supemate. Repeat rinsing and washing two more times. 

A To precipitate, add 10 mL distilled water and 1 to 2 drops 
pheoolphthaleio indicator solution. Stir and loosen precipitate 
from bottom of tube (using a glass rod if necessary) and add 5N 
WOH. dropwise, until solutioo is definitely alkaline (red). Add 

0 Lucite or qtivalett~ 
~lfoliginal -tmtions of i.5alopc4 of tadimn otitcx tbao =%a are of interest, 
notcdatcandpimcofthis~~prscipitationas~separatioooftheisotopcs 
from theii parents; use a minimal satling time and complete ptucedm-e tbrotg 1 

vitbout delay. Assuming he pmence of md sepamtion of parents. decay of Ra 
I2uRabegins9t~timcofhcfirstprecipi~~butin~wthofdecaypod- 

timed from the seamd pmcipitation fl i). l%e time of the fttst~ipitatjon 
meded if the objective is to check the final prccipitatc for its Ra wnttnt 

10 mL EDTA reagent and 3 mL 5N mOH. Stir occasionally 
for 2 min. Most of the precipitate should dissolve, but a slight 
turbidity may remain. 

i. Warm in a steam bath to clear solutioo (about 10 min). but 
do not heat for an unnecessarily long period.# Add cone acetic 
acid drbpwise until red color disappears; add 2 or 3 drops brom- 
cresol green indicator solution and continue to add cone acetic 
acid dropwise, while stirring with a glass rod, until indicator turns 
green (aqua).** BaS04 will precipitate. Note date and time of 
precipitation as zero time for iogrowth of alpha activity. Digest 
in a steam bath for 5 to 10 min. cool, and centrifuge. Discard 
supemate. The final pH should be about 4.5, which is sufficieotly 
low to destroy the Ba-EDTA complex, but not Pb-EDTA. A pH 
much below 4.5 will precipitate PbSO4. 

j. Wash Ba-Ra sulfate precipitate with distilled water and 
mount in a manner suitable for counting as given in Is k, 1, or m 
following. 

k Transfer Ba-Ra sulfate precipitate to a tared stainless steel 
planchet with a minimum of 95% ethyl alcohol and evaporate 
under. ao iofrad lamp. Add 2 mL acetone and 2 drops clear 
acrylic solution, disperse precipitate evenly, and evaporate wder 
an infmred lamp. Dry in oven at 110°C. weigh, and determine 
alpha activity, preferably with an internal propottiooal counter. 
Calculate net counts per minute and weight of precipitate. 

L Weigh a membrane filter, a counting dish, and a weight (glass 
ring) as a unit Transfer precipitate to tared membrane filter in a 
holder and wash with 15 to 25 mL distilled water. Place 
membrane filter in dish, add glass ring, and dry at 110°C. Weigh 
and count in one of the counters mentioned under ll 2a above. 
Calculate net counts per minute and weight of precipitate. 

m Add 20 mL distilled water to the Ba-Ra sulfate precipitate, 
let settle in a steam bath, cool, and filter through a special funnel 
with a tared glass fiber filter. Dry precipitate at 110°C to constant 
weight, cool, and weigh. Mount precipitate on a nylon disk and 
ring with an alpha phosphor on polyester plastic film,4 and count 
in an alpha scintillation counter. Calculate net counts per minute 
and weight of p&&p&ate. 

. . -: , 
R If the isotopic composition of the precipitate is to be esti- 

mated, perform additional countiog as mentioned in the calcula- 
tion below. 

o. Determination of combined eficietuy and self-absorption 
factor: Prepare standards from 1 L distilled water and the standard 
radium-226 solutioo (W 3p preceding). Include at ikast one blank 
The barium content will impose an upper limit of 3.0 mL on the 
volume of the standard radium-226 solution that can be used. If 
It is volume of standard radium-226 solution added, then add (3.00 
- x) OIL BaCls carrier(ll3e above). Analyze standards as sam- 
ples, beginning with Ii 4~. but omit 3.00-n& BaCls carrier. 

From the observed net count rate, calculate the combiied fac- 
tar, bc, from the formula: 

bc = net cpm 
ad X 2.22 X pCi radium-226 tt 

where: 

ad = ingrowth factor (see below) multiplied by chemical yield. 

# If solution does not clear in 10 min, cool, add soother mL 5N -OH, let stand 
2min,andbcatfor.4notbcrlo-mittpaiod 
** The end point is most easily &term&d by comparison with a solution of similar 
composition that has been adjusted to pH 4.5 using a pH meter. 
tt see calculalion that follows. 
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chemical yields on samples and standards ‘be not essentiaily 
the factor bc wiII not be a constant. In this event, constmct 

relating the factor bc to varying weights of recovered 

5. Calculation 

where: 

a = iogrowtb factor (as show0 io the following tabulatiou): 

Alpha Activity 
froolp6Ra 

0 1.000 
1 1.016 
2 1.036 
3 1.058 
4 1.080 
5 1.102 
6 1.124 

24 1.489 
48 1.905 
72 2.253 

b = effAmcy factor fix alpha cmotiog, 
c = self-absorptioo factor, 
d = chemical yield aad 
c = sample volume, L. 

The calculations are based on the assumption that the radium 
is radium-226. If the observed concemration approaches 3 pCii, 
it may be de&able to follow the rate of ingrowth and estimate 
the isotopic contentzf or, preferably, to determine radium-226 by 
radon-222. 

The optimum ingrowth periods can be selected only if the ratios 
and identities of the radium isotopes are known. The number of 
observed count rates at djfferent ages must be equal to or greater 
than the number of radium isotopes present in a mixture. In the 
general case, suitable ages for counting are 3 to 18 h for thk first 
tit; for isotopic analysis, additional counting at 7. 14, or 28 d 
is suggested depending on the number of isotopes in mixture. 
The amounts of the various radium kotopes can be determined 
by solving a set of simultaneous equations3 This approach is most 
satisfactory when radium-226 is the predominant isotope; in other 
situations, the approach suffers from statistical counting errors. 

6. Precision and Bias 

In a collaborative study, 20 laboratories analyzed four water 
samples for total (dissolved) radium. The radionuclide composi- 
tion of these reference samples is shown in Table 7500-Ra:I. Note 
that Samples C and D had a a4Ra concentration equal to that of 
=Ra 

TABLE 7500-&I. @EMCAL AND RADIOCHEM CAL coMPosrnbN OP SAhiFlB 

Usm To Dxmm.m~ BIAS AND PRIXEION OP Rmnw226 M~HOD 

SampIeS 

P&l Pair2 
Radioooclide 
Coo$ositioo A B C D 

Radiuo-226,+ pCiiIL x2.12 8.% 25.53 18.84 
llloliool-228,* pcii none 

RF 
25.90 19.12 

uraqium,naturalpcin 105 27.7 20.5 
Lead-210; pcii 11.5 8.5 23.7 175 
stnmtiool-90.* pci/L 49.1 36.3 13.9 10.2 
Cesium-137, pCii 50.3 37.2 12.1 9.5 
Na9 mPn 60 60 300 300 
caso4. m%L 30 30 150 150 
MgcIz6H20. mglt 30 30 150 150 
KCl. rngk 35 5 10 10 

l Daughta~waeia-sccularequilii 

The four results from each of two laboratories and two results 
frprn a third laboratoty were rejected as outliers. The average 
recoveries of radium-226 from the remaining A, B. C, and D 
samples were 97.5, 98.7, 94.9, and 99.4% respectively. At the 
95% confidence revel, the precision (random error) was 28% and 
30% for the two sets of paired samples. The method is biased 
low for radium-226. but not seriously. The ‘method appears sat- 
isfactory for radium-226 alone or in the presence of an equal 
activity of radium-224 when corm&on for radium-224 interfer- 
ence is made from a second count 

For the determination of *Ra in Samples C and D, the results 
of two laboratories were excluded. Hence the average recoveries 
were 51 and 45% for Samples C and D, respectively. At the 95% 
confidence level, the precision was 46% for this pair of samples. 
The results indicated that the method for mRa is seriously biased 
low. When the recoveries for radium-224 did not agree with those 
for radium-226. this may have been due, in part, to incomplete 
instructions given in the method to account for the transitory na- 
ture of 22*Ra activity. The method as given here contains foot- 
mes calling attentiotl to the hqortance of the time of counting. 
Still Ltlcertain is the degree of separation of radium-224 from its 
pate& thorium-228, in lls 4a through g above. 

Radium-223 and iadium-224 analysis by this method may be 
satkfktcuy, but special refinements and further investigations are 
required. 

7. 

1. 

2. 

3. 

4. 
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0, 
. 

-Recovery of Barium (Radium-226) (Optional) 

If 133Ba was added in reagent b, check recovery of Ba by re- 
moving sample from bubbler, adjusting its volume appropriately, 
gamma-counting it under standardized conditions, and comparing 
the result with the count obtained from a 50-mL portion (evap- 
orated if necessary to reduce volume) of dilute barium solution 
also counted under standardized conditions; add 1 mL Hm4 to 
the latter portion before counting. The assumption that the Ba and 
=Ra are recovered to the same extent is valid in the method 
described. 

.Note that u6Ra and its decay products interfere slightly even 
&a gamma spectrometer is used. The technique works best when 
the ratio of ‘33Ba to z26Ra is high. 

‘, 
,- Determinations of recovery are particularly helpful with irre- 
y, > placeable samples, both in gaining experience with the method 

and in applying the generatl method to unfamiliar media. 
‘.l,d 

ti. Precision and Bias 

j ‘s, l ‘In a collaborative study, seven laboratories analyzed four water 

.:: j 
s ‘+’ p1e.s for dissolved tadium-226 by this method. NO result was 
;f e , ted as an outlier. The average recoveries of added radium- 

_. 22$ from samples A, B, C, and D (below) were 97.1, 97.3.97.6, 
‘.:?‘+ .” _,, I r&l 98.0%. respectively. At the 95% confidence level, the pre- 

cision (random error) was 6% and 8% for the two sets of paired 
samples. Because of the small number of participating laborato 
ries and the low values for random and total errors, therewas no 
evidence of laboratory systematic errors. Neither radium-224 at 
au activity equal to that of the radium-226 nor dissolved solids 
up to 610 mg/L produced a detectable error in the results. 

Test samples consisted of two pairs of simulated moderately 
hard and hard water samples containing known amounts of added 
radium-226 and other radionuclides. The composition of the sam- 
ples with respect to nonradioactive substances was the same for 
a pair of samples but varied for the two pairs. The radiochemical 
composition of the samples is given in Table 7500-Ra:I. 

9. 

1. 

2. 

3. 

4. 
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7500~Ra D. Sequential Precipitation Method 

i : G&era1 Discussion 

h Application: This method can be used to determine soluble 
trtdium-228 alone or soluble radium-228 plus radium-226. 

b: Principle: Radium-Z!8 and radium-226 in water are concen- 
trated and separated by coprecipitation with barium and lead as 
Mfates and purified by EDTA chelation. After 36-h ingrowth of 
@&itu!~-228 from radium-228, actinium-228 is carried on yt- 
trb oxalate, purified, and beta-counted. Radium-226 in the SU- 

. atant is precipitated as the sulfate, purified, and alpha-counted 
B) or it is transfesred to a radon bubbler and determined 

pmcedure (Method C), which is the preferred 

‘. @  &lysis of radium-Z!26 is not required, the procedure for 
@mm-228 may be terminated by beta-counting the yttrium ox- 
ahate precipitate with a follow-up precipitation of barium sulfate 
l%r’ yit!ld determination. If it is determined that radium-228 is 
al&m, the radium-226 fraction may be alpha-counted directly. If 
&it&228 is present, radium-226 must be determined by radon 
$&&ion. 

c. Sur@ing and storage: To drinking water or a filtered sample 
ok t!$hid water, add 2 mlL cone nitric acid (HNO& sample at 
tik time of collection or immediately after filtration. 

2. Apparatus 9: 
fz. Counting instrumentsr One of the following is required: 
1) Internal propor?ionui counter, gas flow, with scaler, timer, 

and register or a thin end-window (polyester plastic)* propor- 
tional counting chamber with scaler, timer, register amplifier, and 
preferably having an anticoincident system (low background). 

2) Scintillation counter assembly: See B C.2.u. This equipment 
is necessary only if radium-226 is determined sequentially with 
radium-228 and is analyzed by emanation of radon. 

b. Centrifuge, bench-size clinical, with polypropylene tubes. 
c. Filter+& for 2.4-cm filter paper. 
a! Stainless steel pans, 5.1 cm. 
e. Infrared drying lamp assembly. 
f: Magnetic stirrer hot plate. 
g. Membrane filters, 47-mm dim. 0.45~pm pore diam.t 

3. Reagents 

a Acetic acti cont. 
b. Acetone, anhydrous. 
c. Ammonium hydroxide, WOH, cont. 
d Ammonium oxalate solution: Dissolve 25 g (NH&&O, in 

distiued water and dilute to 500 mL. 
e. Ammonium sulfate solution: Dissolve 20 g (NH&SO4 in a 

minimum of distilled water and dilute to 100 mL. 
f: Ammonium sulfide solution: Dilute 10 mL (NH&S (20 to 

24%) to 100 mL with distilled water. 
g. Barium carrier standardized: Dissolve 2.846 g BaC122HrO 

in distilled water, add 0.5 mL cone HNO3, and dilute to 100 mL, 
1 mL = 16 mg Ba. 

* Mylar or equivalent 
t Gelman Ga-6 or eqnivalent. 
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A Chic a& 1M: See Section B.3a. 
. EDTA reagent, 0.25M: See Section B.3k. 
. Ethanol, 95%. 

Lad carrier: Solution A: Dissolve 2.397 g Pb(NO& in dis- 
tilled water, add 0.5 mL cone HNOs, and dilute to 100 mL; 1 mL 
= 15 mg Pb. Solution B: Dilute 10 mL Solution A to 100 mL 
withdistilledwater; 1mL = 1SmgPb. 

1. Methyl orange indicator solution: Dissolve 0.1 g methyl or- 
ange powder in 100 mL distilled water. 

m Nitric acid, HN03, cone, 6N, and 1N. 
R Sodium hydroxide, 18N: Dissolve 720 g NaOH in 500 mL 

distilled water and dilute to 1 L. 
o. Soa%m hydroxide, 1ON: Dissolve 400 g NaOH in 500 mL 

distilled water and dilute to 1 L. 
p. Sodium hydroxide, NaOH, 1N. 
q. Strontium-yttrium mked carrier: Solution A: Dilute 10.0 mL 

ythium carrier to 100 mL. Solution B: Dissolve 0.4348 g 
Sr(NO& in distilled water and dilute to 100 mL. Combine equal 
volumes of Soiutions A and B; 1 mL = 0.9 mg Sr and 0.9 mg 
Y. 

r. Suljiuic acid, HaSOd, 18N. 
s. Yttrium carrier: Add 12.7 g YzOs (Section 7500-Sr.B.3d) to 

an erlemneyer flask containing 20 mL distilled water. Heat to 
boiling and, while stirring jwith a magnetic stirring hot plate, add 
small portions of cone HNOs. (About 30 mL is necessary to dis- 
solve the YsOs. Small additions of distilled water also may be 
needed to replace water lost by evaporation.) After total disso- 
lution, add 70 mL cone HNOJ and dilute to 1 L with distilled 
water; 1 mL = 10 mg Y. 

1) For 1 L sample add 5 mL 1M citric acid and a few drops 
methyl orange indicator. The solution should be red. Add 10 mL 
lead carrier (Solution A), 2.0 mL barium carrier, and 2 mL yttrium 
carrier; stir well. Heat to incipient boiling and maintain at this 
temperature for 30 min. 

2) Add cone WOH until a definite yellow color is obtained; 
add a few drops excess. Precipitate lead and barium sulfates.by 
adding 18N HsS04 until the red color reappears; add 0.25 mL 
excess. Add 5 mL (NH&SO, solution/L sample. Stir frequently 
and hold at about 90°C for 30 min. 

3) Cool and filter with suction through a membrane filter. 
Quantitatively transfer precipitate to filter. Carefully place filter 
in a 250-mL beaker. Add about 10 mL cone HNO, and heat 
gently until the filter dissolves completely. Using cone HNOs 
transfer precipitate to a ce:ntrifuge tube. Centrifuge and discard 
supernatant. 

4) Wash precipitate with 15 mL cone HNOs. centrifuge, and 
discard supematant. Repeat wash and centrifuge again. Add 25 
mL EDTA reagent, heat in a hot water bath, and stir well. Add 
a few drops 1ON NaOH if the precipitate does not dissolve readily. 

5) Add 1 mL strontium-yttrium mixed carrier and stir thor- 
oughly. Add a few drops 1ON NaOH if any precipitate forms. 
Add 1 mL (NH&SO4 solution and stir thoroughly. Add cone 
acetic acid until BaS04 precipitates; add 2 mL excess. The pH 

Digest in a hot water bath (80°C) until pre- 
settles. Centrifuge iand discard supematant. 

20 mL EDTA reagent, heat in a hot water bath, and 
dissolves. Repeat Step 5. Note time of last 

BaS04 precipitation as zero time for ingrowth of 228A~. Dissolve i 
precipitate in 20 mL EDTA reagent, add 0.5 mL yttrium carrier 
and 1 mL lead carrier (Solution B). if any precipitate forms, dis- 
solve by adding a few drops 1ON NaOH. Mix well, cap tube, and 
age at least 36 h. 

7) Add 0.3 mL (NH&S solution and mix well. Add 1ON NaOH 
dropwise with vigorous stirring until PbS precipitates; add 10 
drops excess. Stir intermittently for about 10 min. Centrifuge and 
decant supematant into a clean tube. 

8) Add 1 mL lead carrier (Solution B), 0.; mL (NH&S solu- 
tion, and a few drops 1ON NaOH. Repeat precipitation of PbS. 
Centrifuge and filter supematant through filter pape.6 into a clean 
tube. Wash filter with a few milliliters of distilled water. Discard 
residue. 

9) Add 5 mL 18N NaOH (make at least 2h’ in OH-). Because 
of the short half-life of ‘=Ac (6.13 h) complete the following 
procedure without delay. Mix well and digest in a hot water bath 
until Y(OH)-, coagulates. Centrifuge and decant supematant into 
a beaker. Cover beaker and save supematant for 226Ra analysis, 
7s b or c below. Note time of Y(OH)s precipitation; this is the 
end of 2asAc ingrowth and beginning of “8A~ decay. (ts = time 
in minutes beaveen last BaSO, and first Y(OH)s precipitations.) 
Dissolve precipitate in 2 mL 6N HNOs. Heat and stir in a hot 
water bath about 5 mm. Add 5 mL distilled water and reprecip- 
itate Y(OH)s with 3 mL 1ON NaOH. Heat and stir in a hot water 
bath until precipitate coagulates. Centrifuge and discard super- 
natant. 

10) Dissolve precipitate with 1 mL 1N HNOs and heat in hot 
water bath for several minutes. Dilute to 5 mL with distilled water 
and add 2 mL ammonium oxalate solution. Heat to coagulate, 
centrifuge, and discard supernatant. Add 10 mL distilled water, 6 
drops 1N HNOs, and 6 drops ammonium oxalate solution. Heat 
and stir in a hot water bath for several minutes. Centrifuge and 
discard supernatant. Transfer quantitatively to a tared stainless- 
steel planchet using a minimum quantity of distilled water. Dry 
under an i&rated lamp to constant weight and count in a low- 
background beta counter. (t, = time in minutes between first 
Y(OH)r precipitation and counting.) 

If analysis of radium-226 is not required, complete Steps bl) 
and 3) belaw to obtain the fractional barium yield to be used in 
calculating mRa activity. 

b. Radium by precipitation: 
1) To the supernatant saved in 1 a9) above add 4 mL cone 

l-IN03 and 2 mL (NH&SO4 solution, mixing well after each ad- 
d&ion. Add cone acetic acid until BaS& precipitates; add 2 mL 
excess. Digest on a hot plate until precipitate settles. Centrifuge 
and discard supematant. 

2) Add 20 mL EDTA reagent, heat in a hot water bath, and 
stir until precipitate dissolves. Add a few drops 1ON NaOH if 
precipitate does not dissolve readily. Add 1 mL strontium- 
yttrium mixed carrier and 1 mL lead carrier (Solution B), and stir 
thoroughly. Add a few drops 1ON NaOH if any precipitate forms. 
Add 1 mL (NH&SO4 solution and stir thoroughly. Add cone 
acetic acid until BaSO, precipitates; add 2 mL excess. Digest in 
a hot water bath until precipitate settles. Centrifuge, discard su- 
*matant, and note time. 

3) Wash precipitate with 10 mL distilled water. Centrifuge and 
discard supematant. Transfer quantitatively to a tared stainless- 
steel planchet using a minimum quantity distilled water. Dry un- 

# Whatman No. 42 or equivalent. 

. 

‘.=- 
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-0” an infrared lamp to constant weight. If after sufficient beta 
my of the actinium fraction p8Ra is found to be absent, make 

a ditect alpha count for 2uiRa. If Z28Ra is present, determine Z26Ra 
by radon emanation, 7 c below. 

4) Count immediately in an alpha proportional counter. 
c. R&&m-226 &Y ra&x Transfer the final precipitate obtained 

iw b above to a small beaker using a rubber policeman and -14 
II& EDTA reagent. Add a few drops 1ON NaOH and heat on a 
hot plate to dissolve. Cool and transfer to a radon bubbler (Figure 

I 7500-Rail) rinsing beaker with 1 mL EDTA reagent. Proceed as 
in Method C begin&g with 5~14). 

5. Calculation 

a Calculation of =Ra concentmdon: 

where: 

C = average net Count rate, cpm, 
E = counter efficiency, for =‘Ac, 
V = sampk volume, L,. 
R = fractional chemical yield of yttrium car&x, 14010). multiplied 

by fractional chemical yield of barium carrier, W  b3), 

.h 

7500-Rn 

7500~Rn A. 

.?k. .‘ i’ 1. ~Occurrence and Significance 

’ i t. ’ i&don-222 is a gaseous decay product of naturally occuning 
,’ I$:: ~radjum-226. It is au dpllaemitter with a 3.82-d half-life. and 
i , &jmal.l~ is of concern only irl groundwater. It is considered to . ! k carcinogenic, as+e its short-livdd daughters. III household air, 

r&n may originate from kdium in building materials and the 
i _ tz&+nding soil. Where radon concentration in the water supply 

istigh, the water also can be: a major source of radon in house- 
hdld air. While radon diruolves readily in water and other sol- 
v&s, it is easily displaced from water by &, thus, aeration of 
I$dotr-bearing water in normal household uses can release a sig- 
nificant fraction of the dkisolved radon to the air.le3 

The average =Rn concentration in community groundwater 
systems iu the U.S. is estimated to range from 200 to 600 pCi/ 
L,2-6 with some individual wells having much higher concentra- 
tions. 

*Approved by Standard Methods Committee, 19%. 

A = decay coostant of =“Ac. O.OOl884/min, 
I, = the betwcco first Y(Ol& p&pitation and start of counting, 

Olin. 
r2 = counting time, min, and 
r3 = ingrowt.b time of =Ac between last BaSO, precipitation and 

first Y(O& precipitatim min. 

The factor Q/(1 - eetiz) corn&s average count rate to count 
rate at beginning of counting time. 

b. Calculatkm of z6Ra (plus any =Ra and =Ra) concentra- 
tion: See Section B.5. 

c. Calculation of z26Ra (emanation) concentration: See Section 
C.6. 
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tonium-239) with increasing solids thickness, first on the alpha 
= u, then on the beta plateau. Plot the ratios of the two counts 

e 
t mg/cn? thiclrness, determine the alpha amplification fac- 

M), and correct the amplified alpha count on the beta plateau 
for the sample. 

M 
net cpm 011 beta plateau Z- 

let cplm on alpha plateau 

If significant alpha activity is indicated by the sample alpha pla- 
teau count, detemhe beta activity by counting the sample at the 
beta plateau and calculating: 

Beca,pCii= 
B-AM 

222XDXV 

where: 

B=m%bctacountsatthebuaplatcau. 
A==net~~couarrattbcalpbaplatean, 
M = alpha amplification factor (from ratio plot). 

2.22 =. dpmlpcl 
D = beta. coating eflicim~, cpmhipm and 
v = sample YOhme. L. 

Some gas-flow proportional counters have electrouic discrim- 
ination to ehminate alpha counts at the beta operating voltage. 
For these imtrumeuts the alpha amplification factor will be less 
rhan 1. 

Where greater precisiou is desired, for example, when the count 
pha activity at the beta plateau is a substantial fraction of the 

a 
counts per minute of gmss bets activity, the beta counting 

equals (Em2 + Eb2)‘R. where E, is the alpha counting error 
and Eb the gmss beta counting error. 

c. Counting error: Determhie the counting error, E (in pico- 
curies per sample), at the 95% confidence level from: 

where a(R) is calculated as shown in Section 702OC.2, using 
II = t2 (in minutea); and c, the counter efficiency, is defined and 
calculated as in 1 Id. 

d MisceUaneous informadon to be reported: In reporting ta- 
t&activity data, identify adequately the sample, sampling station, 
date of colktio~ volume of sample, type of tesf type of activity, 
type of coming equipment, taandad calibration solutions used 
(particularly when counting standards other than those mcom- 

mended in B Id are used), time of counting (particularly if short- 
lived isotopes are involved), weight of sample solids, and kind 
and amount of radioactivity. So far as possible, tabulate the data 
for ease of interpretation and incorporate repetitious items in the 
table heading or in footnotes. Unless especially inconvenient, do 
not change quantity units within a given table. Always report the 
counting error to assist in interpretation of results. 

6. Precision and Bias 

In a collaborative study of two sets of paired water samples 
containing known additions of radionuckk.s, 15 laboratories de- 
termined the gross alpha activity and 16 analyzed gross beta ac- 
tivity. The samples ‘contained simulated water minerals of ap- 
proximately 350 mg fixed solids/L. The alpha results of one 
laboratory were rejected as outliers. 

The average recoveries of added gross alpha activity were 86, 
87.84, and 82%. The precision (random error) at the 95% con- 
f+nce level was 20 aud 24% for the two sets of paired samples. 
The method was biased low, but not seriously. 

The average recoveries of added gross beta activity were 99, 
100, 100, and 100% The precision (random error) at the 95% 
confidence level was 12 and 18% for the two sets of paired sam- 
ples. The method showed no bias. 
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7110 C. Coprecipitation Method for Gross Alpha Radioactivity 
in Drinking Water 

1. General Discussions 

Evaporation Method for Gross Alpha-Beta, 711OB, does 
separate alpha-(or bet&) emitting radiottuclides from the sam- 

sol&~ For drinking water sampks with high dis- 

solved solids content, e.g., 500 mg/L or higher, Method 7llOB is 
severely limited because of the small sample size possible and 
the very long counting time4 necessary to meet required sensitiv- 
ity (3 pCi&). The coprecipitation procedure eliminates the prob- 
lem of high dissolved solids and gives increased sensitivity. 
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All alpha-emitting radionuclides of interest 
y radium, uranium, and thorium isotopes) are coprecipitated 

and iron hydroxide as carriers, thereby sep- 
&at+g alpha-emitting radionuclides f?om other sample dissolved 
$dids. The combined precipitates are Ntered and wunti for al- 
pM activity. Relatively lax& samples cti be analyzed so that 
@isitiVity is improved and counting time is minimized. 

b. Interferences: Allow <at least 3 h for decay of radon progeny 
&Sxe beginning the alpha count. 

Soluble ions that coprecipitate and add to the mixed barium 
sulfate and iron hydroxide precipitate weights result in counting 
&icier&s that are biased1 low. 
i ,&on hydroxide precipitates collected on membrane filters with- 
put a holding agent flake when dried and are easily lost from the 
@er. Add 5 mg paper pulp fiber to *sample to help secure the 
irpn hydroxide to the filter. Preferably use &lass fiber f&x-s be- 
qmse the surface glass fibers help to secure the precipitate. 

c. Clzfibration: Add at least 100 pCi standard alpha-emitter ac- 
tivity to 500-mL portions of tap water in separate beakefs. Add 
2.5 mL wnc HN03 to each beaker. Determine counting efficiency 
(cpm/pCi) for the alpha-emitter by taking these known additions 
through the procedure. Make at least six replicate determinations 
to de&rmine wunting efficiency.’ 

Use 500-n& portions with no addition for blank wrrections of 
alpha activity in the tap water and reagents. 

Efficienc)~, cpm/pci = c. - G 
Pci 

here: 

C, = sample with added activity, mean cpm, 
I ’ c~=IWiDblankCpm.;tDd 
.-. -pCi = activity added. 

Preferably use thorium 230 (a pure alpha-emitter) for gross 
: alpha efficiency calibration.* As noted in 7110B.lb. other alpha- 

bunting standards may be used. 

+?:“isrjparatuS 

’ &! Hot plat&nagnefk! stirrer and stirring bars. 
‘lb. Filter membranes, 47-mm diat& 0.45qm pore Size. or glass 

fibei filtetxt 
‘: -‘l!! aying fanp 

d Ptunchets. StainleSS steel, 2-in. diam. 
e. Alpha scintillation c(ounter or low-background proportional 

COy.Wr. 

3. Reagents 

a Ammonium hydroxide, N&OH, 6N. 
b. Barium carrier, 5 m;g Ba*+/mLz Dissolve 4.4 g BaClz2HzO 

in 500 mL distilled water. 
c. Bromocresof purple., 0.1%: Dissolve 100 mg water-soluble 

&gent in 100 mL distilled water. 

from U.S. Em4ronnmti Protection Agency. Envir- td Monitor- 
Laboratory, Nuclear Radiation Assasmmt Division, P.0. Box 93478, 

- &is b%&s, NV 89193k78. 
1 Gdman Type A/E, Miiipore ‘Type AP, or equivalent. 

d Iron carrier, 5 mg Fe3+/mL: Dissolve 17.5 g 
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FeJN03)~9Hz0 in 200 mL distilled water containing 2 mL 16N 
HNOB. Dilutei to 500 ‘IL. 

e. SUrfuric acid, HzS04.2N: Dilute 55 mL cone HzSO., to 1 L 
with distilled water. 

f: Paper pulp/water mixture: Add a 0.5-g paper pulp pellet to 
500 mL distilled water in a plastic bottle. Add 5 drops diluted 
(1 f4) detergent. Cap bottle and stir vigorously for 3 h before 
use. Stir mixture whenever a portion is taken. 

g. Detergent: 1 part detergent + 4 parts distilled water.* 

4. Procedure 

To a sample of 500 mL to 1 L, or sample diluted to 500 mL, 
add 5 drops of diluted deterg&. Place sample on magnetic stirrer/ 
hot plate and, while stirring, gently add 20 mL 2N HzSO.+ Boil 
for 10 min to flush CO2 (from carbonates and bicarbonates) from 
sample. Radon also is flushed. Reduce temperature to below boil- 
ing, continue stirring, and add 1 mL barium carrier solution. Con- 
tinue stirring for 30 min. Add 1 mL bromocreso 1 purple indicator 
solution, 1 mL iron carrier solution, and 5 mL stirred paper pulp/ 
waterreagent. 

Continue stirring and add 6N MOH dropwise until there is a 
distinct color change (yellow to purple). Continue warming and 
stirring for 30 min. F’ilter sample through a glass fiber filter (or 
membrane filter if further analysis is to be done). Quantitatively 
transfer all precipitate to the filter. Wash precipitate with 25 mL 
distilled water. Hold filter for 3 h for wllected radon progeny to 
decay. Dry filter at 105°C or under a mild heat lamp. 

Count filter for gross alpha activity. 
Prepare a reagent blank precipitate to determine reagent alpha 

activity background. 

5. Calculations 

G - G Gross alpha activity, pCuL = 7 

where: 

E = couatcs efficiency, cpm/pCi, 
v=vohmeallaly2dL, 

c, = sample’counts pa minU& cpm, and 
cb = reagCnt blank, Cpm. 

6. Predskm and Bias 

In wUaborative test with 18 laboratories pa&ipating.2 gross 
alpha activities for four +fferent samples were calculated with 
four different alpha-emitting radionuclide standard counting ef- 
ficiencies. lIorium-230, a pure alpha-emitter, appeared to be the 
best standard for gross alpha counting efficiency. 

Water samples A, B, C, and D contained gross alpha wncen- 
trations of 74.0. 52.6, 4.8, and 10.0 pCi&. respectively, at 3 h 
after separation of alpha-emitting radionuclides by wprecipitation 
with iron hydroxide and barium sulfate. Test results using the 
thorium-230 counting efficiency showed coefficients of variation 
for repeatability (within laboratory precision) of 7.9,7.8, 8.7, and 

* R&m and Haas Triton NlOl or T&on X100, or equivalent. 
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- 9%. respectively, for an average of 8.3%. Coefficients of vari- 
n for reproducibility (combiied within and between laboratory 
ision) of 20.4, 16.8, 18.7, and 18.596, respectively, were ob- 

* 
ed for an average of 18.6%. 

A comparison of the 18 laboratory grand average results (cal- 
culated with the asolh counting efficiency) and known gross al- 
pha particle concentrations showed accuracy indexes of 91,.9, 
99.4, 122, and 94.5%. respectively, for an average accuracy index 
of 102%. The t-test for bias showed a significant positive bias for 
Sample C but no significant bias for the other three samples. 

7. References 
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istry F’mxdum Manual 00-02 Radiochemical Detemkation of 
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Las Vegas, Nev. 

7120 GAMMA-EMITTING RADIONUCLIDE!?? 

7120 A. Introduction 

For information about occurrence of natural and artificial ra- 
dioactivity, see Section 7110A.l. 

l Appwed by Srandani Methods C.ommiaet, 1997. 

7120 B. Gamma Spectroscopic Method 

a Applhrion: This method describes the use of gamma spec- 
troscopy, using either germanium (Ge) diodes or thallium-acti- 
vated sodium iodide (NaI(Tl)] crystals, for the measurement of 
gamma photons emitted from1 radionuclides present in water. The 
method is applicable to samples that contain radionuclides emit- 
ting gamma photons with energies ranging from about 60 to 2000 
KeV. 

‘Ibe method can be used for qualitative and quantitative deter- 
minations with tie detectors or for screening and semiquantita- 
tive and semiqualitative detenni&ons with [NaI(Tl)] de&tom. 
Bxact quantitation using NaI is possible for single nuclides or 
when the gamma emissions are limited to a few well-separated 
energies. Detection limits for typical counting systems range from 
a few picocuries (pCi) of gamma activity for a lOO-min count to 
approximately 100 pCi for a :5-mitt cou$ depending on counting 
gebm&y fnd gamma ray energy and abundance. 

Detemune energy and efficiency calibrations for each detector 
at several energies between 50 and 2000 KeV for the geometries 
of interest. Gamma ray librariest3 for Ge spectn5metry should 
contain the nuclides and gamma ray lines most likely to be found 
in water samples. Have computer software available to list the 
contents of the library and to add more nucli&s and gamma ray 
lines to the library for peak search routines. 

6. Principle: Because gamma spectroscopy is nondestructive, 
possible to analyze for gamma-emitting radionuclides without 

them from the sample matrix. This technique makes it 
ble to identify and qua&ate ganuna+mnting radionuclides 

when the gross beta screen has been exceeded or it is otherwise 
necessary to define the contribution of gamma-emitters to the total 
radioactivhy present. 

A homogeneous water sample is put into a standard geometry 
for gamma counting. The counting efficiency for this geometry 
must have been determined with a mixed energy gamma standard 
containing known radionuclide activities. Sample portions are 
counted long enough to meet the required sensitivity of measure- 
ment. 

The gamma spectrum is printed out and/or, stored in the appro- 
priate computer-compatible device for data processing (calcula- 
tion of sample radionuclide concentrations). 

Consult a good text on gamma ray spectrometrya for a more 
detailed discussion. 

c. Sampling and storage: See Table 7010:& 
d Interferences: Significant interference occurs when a sample 

is counted with a NaIQ detector and the sample radionuclides 
emit gamma photons of nearly identical energies. Such interfer- 
ence is greatly reduced by counting the sample with a Ge detector. 
Highercnergy gammas that predominate may completely mask 
minor, less energetic photopeaks for-both Ge and NaI detectors 
by increasing the baseline or Compton continuum. 

Interferences can occur with Ge detectors from cascade peak 
summing. which results when two or more gamma rays are emit- 
ted in one disintegration, e.g.. with cobalt-60, where 1172 and 
1333 KeV gamma rays are emitted in cascade. These can be de 
tected together to produce a sum peak at 2505 KeV or a count in 
the continuum between the individual peaks and the sum peak, 
thus causing the loss of counts from one or both of the other two 

. 



Beta Particle and Photon Radioactivity 

1. Method 7500-Sr B, “Precipitation Method (Strontium)” 

2. Method 7500-3H B, “Liquid Scintillation Spectrophotometric Method (Tritium)” 

3. Method 7120, “Gamma Spectroscopic Method (Gamma-emitting Radionuclides)” 
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standards and should have a nominal activity of -8000 pCii. 
‘lace first QCCS immediately after first background and before 

e 

t sample. Place additional QCCS after every tenth sample in 
ch, and final QCCS as last sample of the batch 

The relative percent difference (RPD) between sequential pairs 
of QCCS samples must be less than or equal to the 20 counting 
error or 10% of the known value of the QCCS sample, whichever 
is greater. If RPD exceeds this value, recount the pair of QCCS 
samples. If RPD is still unacoqtable, staudards and/or instrument 
are suspect Resolve problem and rerun samples between suspect 
Qc=. 

d Records: Cdlect and maintain tesults from backgroWls, du- 
plicate pairs, and QC!C!I s.tandards in a bound notebook include 
date, results, name of analyst, and c0mmeats relevant to data eval- 
uatibn. 

Plot averages of backgrounds and QCCS standards on a control 
chart for the counter, 

7. Precision and Accuracy 

A collaborative study of this method composed of 36 partici- 
pants’ produced the resulls shown below: 

Sample cont. Accucacy RepeataMity Rcpmducibii Bias 
pCi/L 46 pCi/L pCi/L 46 

111 101-102 9 12 0.7-2.3 
153 l&2- 103 10 16-18 2.3-3.4 
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7500-Sr TOTAL RADIOACTIVE STRONTIUM AND 
S’C’RONTIUM-90* 

7500&r A. Introduction I. -* 

The important radioactive nuclides of strontium produced in 
nuclear fission are 8gSr and Tr. Strontium-90 is one ‘of the most 
hazanious of all fission product. It decays dowiy, with a half- 
life of 28 years. Upon ingestion, strontium is concentrated in the 
bone. 

l Appved by standard M&b Gmlmi~ivv3. 

The method presented~in this section is designed to measure 
total fadioaaive stroatium (s9Sr and %r) or %r alone in drink- 
ing water or in filtered raw water. It is applicable to sewage and 
industrial was&s provided thatsteps are taken to destroy organic 
matter and eliminate other interfering ions. 

7500-Sr B. Precipitation Method 

1. General Discussion 

a Principle: A known amcxmt of iuactive stfontium ions;iu 
the form of strontium nibate, Sr(NO&, is added 8.5 a ‘kanier.” 
‘Ihe carrier, alkaline earths, and ram earths are precipitated as the 
carbonate to coucentra@ the radiostrontium. The carrier. along 

* 
‘th the radionuclides of strontium, is separated from other ra- 

ioactive elements and inactive sample solids by precipitation as 

Sr(NO& fmm fuming nitric acid &nion. The strontium carrier, 
together wit$ the radionuclides of strontium, finally is precipitated 
as strontium carbonate, &CO,, which is dried, weighed to deter- 
mine recovery of carrier, aud measured for radioactivity. ‘Ibe ac- 
tidy in the fmal precipitate is due to radioactive s@vntium only, 
because all other radioactive elements have been removed. A COT- 
ration is applied to compensate for losses of carrier and activity 
during the various purification steps. A delay in the count will 
give an increased counting rate due to the ingrowtb of 9oy. 

., 
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b. Concentration techniques: Because of the very low amount 
of radioactivity, a large sample must be taken and the activity 
concentrated by precipitation. Sr(NO&z and barium nitrate, 
Ba(NO&, carriers are added to the sample. Sodium carbonate is 
then added to concentrate radiostrontium by precipitation of al- 
kaline earth carbonates along with other radioactive elements. The 
supemate is discarded. The precipitate is dissolved and reprecip- 
itated to remove interfering radionuclides. 

c. Interjkencer Radioxtive barium (‘“sa, ‘s) interferes in 
the determination of radioactive strontium inasmuch as it precip- 
itates with the radioactive strontium. Eliminate this interference 
by adding inactive Ba(NG& carrier and separating this from the 
strontium by precipitating barium chromate in acetate buffer so- 
lution. Radium isotopes also are eliminated by this treatment. 

In hard water, some calcium nitrate may be coprecipitated with 
Sr(NO& and can cause errors in recovery of the final precipitate 
and in measuring its activity. Eliminate this interference by re- 
peated precipitations of s~trontium as the nitrate followed by leach- 
ing the Sr(NO& with acetone (CAUTION). 

For total radiostrontium, count the precipitate within 3 to 4 h 
after the final separation and before ingrowth of sc’Y. 

d Deteminatiun of X’Sr: Because it is impossible to separate 
the isotopes 8pSr and ??e by any chemical procedure. the amount 
of %r is determined by separating and measuring the activity of 
q, its daughter. After equilibrium is reached, the activity of seY 
is exactly equal to the activity of “Sr. .Two alternate procedures 

_I a@ give-n for the separation of V.. In the first method, 94! is 
separated by extraction into tributyl phosphate from concentrated 
nitric acid (HN09) solution. It is back-extra&d into dilute HNOs 

* 

and evaporated to dryness for beta counting. The second method 
consists of adding yttrium carrier,. separating by precipitation 
as yttrium hydroxide, Y(OH)s, and finally precipitating yttrium 
oxalate for counting. 

2. Apparatus 

a. Counting instnanents: Use either an internal proportional 
counter, gas-flow, with ~scaler, timer, and register. or a thin end- 
window (polyester plastic film*) proportional or G-M counting 
chamber with scaler, timer, register amplifier, and preferably hav- 
ing an anticoincident system (low background). 

b. Filter paper.t 2.4 cm diam; or glass fiber filters, 2.4 cm 
diam. 

c. Two-piece filtering apparatus for 2.4-cm filters such as TFE 
filter holder,+ stainless steel filter holder, or equivalent. 

d Stainless steel pun.r, about 50 m m  diatn and 7 m m  deep, for 
counting solids deposited on pan bottom. For counting precipi- 
tates on 2.4-cm filters, use nylon disk with ring9 on which the 
filter samples are mounted and covered by 0.25 mil film. 

3. Reagents 

a. Strotztiunl carrier, 10 mg SrZ+/mL. standardized: Carefully 
add 24.16 g Sr(NO& 80 a 1-L volumetric flask and dilute with 
distilled water to the mark. For standardization, pipet three lO.O- 
mL portions of strontium carrier solution into 49-mL centrifuge 
tubes and add 15 mL 2N Na2C03 solution. Stir, heat in a boiling 

* Mylar. El. du Pont de Nemous, Wilmington, DE, ot equivalent. 
t Whatman No. 42 or equivalt:nt. 
$ i3mA.m Laboratory. Box 305. Caldwell. NJ. 
5 Control Molding Corp., Stat~cn Lslmd, NY, or equivalent. 

water bath for’15 min. and cool. Filter SrCOs prec@tate through 
a tared fine-porosity sit&red-glass crucible of 15mL size. Wash 
precipitate with three 5-mL portions of water and then with three 
5-mL portions of absolute ethanol (or acetone). Wipe crucible 
with absorbent tissue and dry to constant weight in an oven at 
110°C (20 min). Cool in a desiccator and weigh. 

Sr. mg/mL = (mg SrCa) (0.5935) 
10 

b, Barium carrier, 10 mg Ba2+/mLz Dissolve 19.0 g Ba(NO& 
in distilled water and dilute to 1 L. 

c. Rare earth carrier, mixed: Dissolve 12.8 g cetous nitrate 
hexahydrate, Ce(NOs)s-6HaG, 14 g xirconyl ~bloride octahydrate, 
ZrOCla-gH20, and 25 g ferric chloride hexahydrate, FeCls-6H20, 
in 600 mL distilled water containing 10 mL cone HCl, and dilute 
to 1 L. 

d Yttrium carrier: Dissolve 12.7 g yttrium 0xide.l Y& in 30 
mL cone HNOs by stirring and warming. Add an additional 20 
mL cone HPQ and dilute to 1 L with distilled watec 1 mL is 
equivalent to 10 mg Y, or approximately 34 mg Ya(CsO.&9HaO. 
Determine exact equivalence by precipitating yttrium carrier in 
acid solution according to 1s 4c2)-8). below or by extracting yt- 
trium carrier in acid solution according to 1s *3)-l l), below. 

e. Acetate bt@r solution.- Dissolve 154 g NH&H& in 700 
mL distilled water, add S7 mL cone acetic acid, adjust pH to 5.5 
by dropwise addition of cone acetic acid or 6N hE&OH as nec- 
essary,anddilutetolL. 

f Acetic acid 6N. 
g. Acetone, anhydrous. 
h. Ammonium hydroxide, NH.+OH. 6N. 
i. Hydrochtoric mid HCl, 6N. 
j. Methyl red inakator, 0.1%: Dissolve 0.1 g methyl red in 100 

mL distilled water. 
R Nitric acid, HN03, fuming (90%). cone, 14N. 6N. and O.lN. 
1. Oxalic acg saturated solution: Dissolve approximately 11 g 

H2C204.2Hz0 in 100 mL distilled water. 
m  Sodium carbonate solution, 1M: Dissolve 124 g 

NaaC&.H20 in d&Bed water and dilute to 1 L. 
n. Sodium chrotncrre solution, OSM: Dissolve 117 g Na2Cr04 

4H2din distilled water and dilute to 1 L. 
o. Sodium hydroxide, 6N: Dissolve 240 g NaOH in distilled 

wateranddilutem 1 L. 
p. Tributyl phosphate, reagent grade: Shake with an equal vol- 

ume of 14N HNOs to equilibrate. Separate and discard the HNOs 
washings. 

., 

4. Procedure 

a. Total raaktrontiwn: 
1) To 1 L of drinking water, or a filtered sample of raw water 

in a beaker, add 2.0 mL cone HNOs and mix. Add 2.0 mL each 
of strontium and barium carriers and mix well. (A precipitate of 
BaSO, may form if the water is high in sulfate ion, but this will 
cause no difficulties.) A smaller sample may be used if it contains 
at least 25 pCi strontium. The suspended matter that has been 

n Yttrium oxide. Code 1118, American Potash and Chemical Corp., West Chicago. 
IL. or equivalent. Yttrium oxide of pity less than Code I 118 may require puri- 
fication because of ladioactivity contamiMtion. 
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filtered off may be digested [see Cross Alpha and Gross Beta 
Radioactivity, 71 lOB.4fl)], diluted, and analyzed separately, 

2) Heat to boiling, then add 20 mL 6N NaOH and 20 mL 1M 
Na&Os. Stir and let simmer at 90 to 95°C for about 1 h. 

3) Set beaker aside until lprehpitate has settled (about 1 to 3 . - 
Decant and discard clear supernate. Transfer ,precipitate to 
mL centrifuge tube and centrifuge. Discard supernate. 

5) Add, dropwise (C,wn6N--&?tv+mce), 4.d cone 
HNOp. Heat to boiling, stir, then cool under running water. 

6) Add 20 mL fuming HN03, cool 5 to 10 min in ice bath. 
stir. and centrifuge. Discard supemate. 

7) Add 4 mL distilled water, stir, and heat to boiling to dissolve 
the strontium. Centrifuge while hot to remove remaining insolu- 
bles and decant supernate to a clean centrifuge tube. Add 2 n& 
6N l-IN@, heat to boiling, centrifuge while hot, and combine 
supemate with aqueous supernate. Discard insoluble residue of 
SiOs. BaSO,, etc. 

8) Cool combined super&es, then add 20 mL fuming HNOs, 
cool 5 to 10 mm in ice bath, stir, centrifuge, and discard super- 
nate. 

9) Add 4 mL distilled water and dissolve by heating. Repeat 
Step 8) preceding. 

10) Repeat Step 9) preceding if more than 200 mg Ca were 
present in the sample. 

11) After last HNOs precipitation, invert tube in a beaker for 
about 10 min to drain off most excess HNCs. Add’ 20 mL an- 
hydrous acetone, stir thoroughly, cool, and centrifuge. Discard 
supernate (CAUTION). 

12) Dissolve precipitate of Sr(NO&+ Ba(NO& in 10 mL 
distilled water and boil for 30 s to remove any remaining ace- 
tone. 

mL (5 drops) mixed rare earth carrier and pre- 
te rare earth hydroxides by making solution basic with 6N 

in a boiig water bath for 10 min. Cool, centri- 
supemate to a clean tube. Discard precipitate. 

14) Repeat Step 13) preceding. 
Note the time of rare earth precipitation, which marks the be- 

ginning of the seY ingrowth period. Do not delay proceduremore 
than a few hours after the separation; otherwise, false results will 
beobtainedbecauseofingrowthof9oy. 

15) Add 2 drops methyl red indicator and then add 6N acetic 
acid dropwise with stirring until indicator changes from yellow 
tored. 

16) Add 5 mL acetate buffer solution, heat to boiling, and add 
dropwise, with stirring, 2 mL Na&rO, solution. Digest in a boii- 
ing water bath for 5 mm. Cool, centrifuge, and decant supernate 
to a clean tube. Discard residue. 

17) Add 2 mL 6N NaOH, add 5 mL. IM NaaCOs solution, and 
heat to boiling. C!ool.in an ice bath (about 5 min) and centrifuge. 
Discard supemate. 

18) Add 15 mL distilled water, stir, centrifuge. and discard 
wash.water. 

19) Repeat Step 18), and proceed either as in Step 2O)a) or 
2O)b), below. Save this precipitate if a &temhatiotl of 9r is 
rkquired 

20) Either 
a) Slurry precipitate with a small volume of diitilled water and 

transfertoataredstainlesssteelpan;dryunderaninfraredlamp, 
cool, weigh, and count# the precipitate of SrC@;** or 

b) Transfer precipitate to a tared paper or glass filter mounted 
in a two-pkce funnel. Allow gravity settling for uniform depo 
sition and then apply suction. Wash precipitate with three 5-mL 
portions of water, three 5-n& portions of 95% alcohol, and three 
5-A portions of ethyl ether or acetone. Dry in an oven at 110 
to 125°C for 15 to 30 II& cool, weigh,** mount on a nylon disk 
and ring with polyester plastic fihn cover, and count 

21) Calculation 

b 
Total Sr activity, pCii = a4f x 2.22 

where: 
, ’ 

a = beta CQutlLa efficiency [see step 22) hclow], 
d= mgfinalsrcos&~~ - 

msSrCChin2mL6fcarria 
= c&e&on- for carrier recovery [see Step 23) below], 

f = sample volume, L. 
b =hetaactivity,uetcpm = (i&-k, 
i=totalcmntkaccuu.t~ 
r=timeofc4Nmting,mia.aud 
&=bdgfOU&cpm. 

22) Counting &ciency-As a first estimate, when mounting 
sample accordmg to Step 2O)a), convert counts per minute to 
disintegrations per minute, based on the beta activity of cesium- 
137 standard solutions having a sample thickness equivalent to 
that of the SrCOs precipitate. More precise measurements may 
foRow a second count after substantial ingrowth of T from %r, 
but this precision is not warranted for the usual total radio- 

# stfooti~90 in thick samples is coaltcd with low efficiency; hcncc. a first coont 
withinhoursfav~‘9Srcouoting,andrrrcountlRer3to6d~exmdsthe 
timtcolmtpmvi&salvughestimateofthesoyingro~pigun75OO-SCl 
and RJ. vcltm (1966) below. 
l *wheoal+- . ~oftotalstfmtiumisnotraqnirrdwciwdi;hprccipi~te[step 
2O)a) a 2O)b)l fa caaia rccovay but do not cmmL Then proceed with %r 
dctamb&oa amxding to 146 fo~owing. 
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smntium determination. When mounting s&ples according to 
Step 2O)b), determine self-absorption curves by separately precip 
itatine standard solution,s of *‘Sr and ?Zr as the carbonate (see 
&“beta in Section 7110). 

23) Correction for GUT& recovery-20 mg Sr are equivdent 
to 33.7 mg StC03. Should more than traces of stable strontium 
be present in the sample, it would act as carrier; hence its deter- 
mination by flame photometric or atomic absorption spectrometric 
method would be required. 
’ 6.3 Strontium-90 by crtraction of ytwiundO:tt Store SrC03 

&&itate, as in 14u20), for at least 2 weeks to-allow ingrowth 
Qf .F and then proceedi as directed here or in an alternate pro- 
i2@re‘in q4c following. 

1) Transfer of precipitate to separatory Mel-Either 
.:,&I Place a small -1 upright into mouth of a 60-mL separ- 
atory funnel; then place pan with precipitate, as in Step 2O)a), in 
wd and add, dropwise, 1 r& 6N m03 (CAUTION-t$iV-bW- 
chice); tilt pan to empty into funnel and rinse pan twice with 2- 
mL; portions of 6N HNO3; or 

b) Uncover precipitate from filter. as in Step 2O)b). and transfer 
filter with forceps to upright funnel in mouth of 60-mL separatory 
Nnaei as in 1 a) above. Dislodge bulk of precipitate into funnel 
sym. Dropwise, add with caution 1 mL 6N HNO3 to filter, re- 
rhing residual precipitate and dissolving bulk precipitate. Rinse 
f$fer and funnel twice with 2-mL portions 6N HNOs. 
,l. 12) Remove filter or pan and add 10 mL fuming HN03 tq se- 
paYatory funnel through upright funn&. 

3) Remove upright funnel and add 1 n-L yttrium canier in a 
sepamtory funnel. 

4) Add 5.0 mL. tribultyl phosphate reagent, shake thoroughly 
P r 3 to 5 min, allow phases to separate, and transfer aqueous 
l$d tb.a’ second 60-mL. separatory funnel. 
-1. 5) Add 5.0 mL tributyl phosphate reagent, shake 5 min. allow 
&&es to skparate, and transfer aqueous layer to a third 60-n& 
separatory funnel. 

’ 6J Combine organic extractants in the first and second funnels 
“es one funnel and wash organic phase twice with 5-mL. portions 
I& klNO3. Record time as the beginning of “r decay (combtie 
&d washings with aqueous phase in third funnel if a second 
ingrowth of 9 is desired). 

7) Back-extract v from combined organic phases with 10 mL 
D.lN HN03 for 5 min. 
1: : 8 Continue as in lis 4c6>8) below or transfer aqueous phase 

:.‘4: from Step 7) immediately above into a 50-d beaker and evap 
_, f !@e qn -a hot plate to 5to 10 mL. 

^ 

I: 9) &$eat Step 7) above and transfer aqueous phase to beaker 
&@ep 8) preceding; evaporate to 5 to 10 mL. 
‘;,:I@.~ransfer residual solution in beaker to a tared stainless steel 

@&hig pan and evaporate. 
11) Rinse beaker twice with 2-mL portion& of 0. 1N HNO3; add 

&@gs to counting pan, evaporate to dryness, and weigh. 
!. d2) Count in an internal Propomonal or end-window counter 
and calculate 90Sr as given in II 4c9) following. 

::q. Strontium-90 by oxalate precipitation of yttrium-9O:tt 
?. 1) Quantitatively transfer SrCO3 precipitate to a 40-mL centri- 

fuge tube with 2 mL 6N HNOX. Add acid dropwise during dis- 
@+&ion (CAvnoN-efirvescence). Use 0. 1N HN@ for rinsing. 

ttSac.footnotc to step 2Oa) when a cktermination for only Ysr is required. 

2) Add 1 mL yttrium carrier, 2 drops methyl red indicator and, 
dropwise, add cone .NH.,+OH to the methyl red end point. 

3) Add 5 mL more cone =OH and record the rime. which 
is the end of 9oy ingrowth and the beginning of decay; centrifuge 
and decant supernate to a beaker (save supernate and washings 
for a second ingrowth if desired). 

4) Wash precipitate twice with 20-n& portions hot distilled 
Water. 

5) Add 5 to 10 drops of 6N HN03, stir to dissolve precipitate., 
add 25 mL distilled water, and heat in a water bath at po”C. 

6) Gradually add 15 to 2Odmps saturated oxalic acid reagent 
with stirring and adjust to pH 15 to 2.0 (pH me&r or indicator 
paper) by adding cone IQ&OH dropwise Digest ptecipitate for 5 
min and cool in an ice bath with occasional stirring. 

7) Transfer precipitate to a tared glass fiber filter in a two-piece 
funnel. Let, precipitate settle by gravity (for uniform deposition) 
and apply suction. Wash precipitate in sequence with 10 to 15 
mL hot distilled water and then three times with 95% ethyl al- 
cohol and three times with diethyl ether. 

8) Air-dry precipitate with suction for 2 min. weigh, mount on 
a nylon disk and ring with polyester plastic fihn cover, count, and 
calculate 90Sr as follows. 

9) Calculation 

Y3, pcii = ecpm 
abcdfg X 2.22 

a = counting efficiency for 9oy. 
b = chemical yield of extracting or precipitating *, 
c = ingrowth cotrcction factor if not in secular equilibrium, 
d = chemic~ yield bf strdntium determined gmvimetically or by 

f = volume of original sample, L, 
g = %’ decay factor, e-*l. and 
e = base of natural logarithms. 
A = 0.693/rrn, where T,n for 9 is 64.2 h, and 
t = time between separation and counting, h. 

5. Precision and Bias 

In a collabor@ive study of two sets of paired, moderately hard 
water samples containing known additions of radionuclides, 12 
1aboraKnies determined the total radiosprontium and 10 laborato- 
ries determined ?3r. The results of one sample from &e labo- 
ratory were rejecttxl as outliers. 

The average recoveries of added total radiostrontium from the 
four samples were 99.99, %. and 93%. The precision (random er- 
ror) at the 95% confidence level was 10 and 12% for the two sets of 
paired samples. The method was slightly biased on the low side. 
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7500-3H TRITIUM* 

7500-3H A. Introduction , 

Tritium exists fairly uniformly in the environment as a result 
of natural production by cosmic radiation and residual fallout 
from nuclear weapons tests. This backgtound level gradually is 
being increased by the use of nuclear reactors to generate elec- 
tricity, although tritium i?om this source is only ,a small propor- 
tion of environmental tritiu.m. Nuclear reactors and fuel-process- 
ing plants are local&d sources of tritium because of discharges 
during normal operation. This industry is expected to become the 
major source of en vhomnental tritium contamination in the fu- 

* Approved by Standad Methods Cmnmi~~~. 1993. 

ture. Tritium is produced in light-water nuclear reactors by tematy 
fission, neutron capture in coolant additives, control rods and 
plates, and activation of deuterium. About 1% of the tritium in 
the primary coolant is released in gaseous form to the atmosphere; 
the remainder eventually is released in liquid waste discharges. 
Most tritium produced in reactors remains in the fuel and is re- 
leased when fuel is reprocessed 

Naturally occurring tritium is most abundant in precipitation 
and lowest in aged water because of its physical decay by beta 
emission to helium. The maximum beta energy of tritium is 0.018 
MeV and its half-life is 12.26 years. 

7500-3H B. Liquid Scintillatiori Spectrometric Method 

1. General Discussion 

a Principle: A sample is treated by alkaline permanganate dis- 
tillation to hold back most quenching materials, as well as ra- 
+ioiodine and radiocarbon. Complete transfer of trhiated water is 

jured by distillation to near dryness. A subsample of distillate 
. 

ak= 
ed with scintillation solution and the beta activity is counted 

a coincidence-type liquid scintillation spectrometer. The scin- 
tillation solution consists of l&Iioxane, naphthalene, POPOP, 
and PPO.* The spectrometer is calibrated with staudanl solutions 
of tritiated water, then background and unknown samples are pre- 
pared and counted alternately, thus nullifying errors that could 
result from instrument drift or from aging of the scintillation so- 
lution. 

b. Interferences: Sample distillation effectively rem0ves non- 
volatile radioactivity and lthe usual quenching materials. For 
waters containing volatile organic or radioactive materials, use 
wet oxidatiotl (section 4500-N,,,.s) to remove interference from 
quenching due to volatile organic material. Distillation at about 
pH 8.5 holds back volatile radionuclides such as iodides and bi- 
carbonates. Double distillation withan appropriate delay (10 haIf- 
lives) behveed distillations may be mquired to eliminate We&r- 
ence from volatile daughters of radium isotopes. Some clear-water 
samples collected near nuclear facilities may be monitored satis- 
factorily without distillation, especially when the monitoring in- 
strument is capable of discriminating against beta radiation 
energies higher than those in the tritium range. 

2. Apparatus 

a Liquid scintiliatiun spectrometer, coincidence-type. 
b. Liquid scintilkztion viai? 2f.LmL, polyethylene, low-K glass, 

- equivalent bottles. 

a- POP = 1 &di-2-cs-phenyloxazolyl) bemmc Pm = (2.5 diphmyloxamle). 

c. Distillation appmztus: 250-mL round-bottom distillation 
flask, connecting side-arm adapter, condenser, and heating mantle. 

3. Reagents 

a Scintillution solution: Thoroughly mix 4 g PPO. 0.05 g 
POPOP, and 120 g solid naphthalene in 1 L ‘spectroquality 1,4- 
dioxane. Store in dark bottle. Solution is stable for 2 months. 
Alternatively, use a commercially prepared scintillation solution 
available from suppliers of liquid scintillation materials. 

b. Low-background water: U%pwater with no detectable tritium 
activity (most deep well waters are low in tritium). 

c. Standard tritium solution Dilute available tritium standard 
solution to approximately 1000 dpm/mL with low-background 
water. 

d Sodizun hydroxide, NaOH, pellets. 
e. Potarsium permangunate, KMnO4. 

4. Procedure 

Add three pellets NaOH and 0.1 g KMnO, to 100 mL sample 
in 2%mL distillation flask. Distill at 100 to 105°C. discard first 
10 mL distillate, and collect next 50 I&. Thoroughly mix 4 mL 
distillate with 16 mL scintillation solution in tightly capped vial. 

Prepare low-background water and standard tritium solution in 
same manner as samples. 

Hold samples, background, and standards in the dark for 3 h. 
Count samples containmg less than 200 pCiimL for 100 mm and 
samples containing more than 200 pCi/mL for 50 min. 

5. Calculations and Reporting 

a Calculate and report tritium, ‘H, in picocuries per milliliter 
(pCi/mL) or its equivalent, nanocuries per liter (nCi/L) as follows: 

3H = (C - B) 
(E x 4 x 5.22) 

. 

I 
.r., ’ 

i’ 
s.:. 
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a where: 
C = PS counting rate for sample, cpm, 
B = backgrolmd cour1tiog rat% cpm, 
E = anmtiug efficiency, (S - B)Io. 
S = gross coming rate for standard solution, cpm, and 
D = trititm~ activity in standard sample, dpm, cormctod for decoy 

to the of comltiulg. 

b. Calculate the counting error at the 95% confidence level 
based ou the equation for o(R) given iu Section 7OlOG. A total 
count of 40 000 within 1 h for a background count rate of ahout 
50 qm gives a couutiug error slightly in excess of 1% at the 95% 
confidw level. 

tj. Pupsion and Bias 

t Samples with tritium activity ahove 200 pCiiuiL cau he ana- 
lyid with precision of less than +6% at the 95% ceulideuce 
level and those with 1 pCiimL cau he analyzed with a precision 
oflessthau +10%. 
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7500-U URANIUM* 

7590-U A. Introduction 

1. Occurrence 
_I 

Uranium, the heaviest naturally otxurrhg element, is a mixture 
of three radioactive isotopes: ura&m-238 (99.275%). urauium- 
235 (0.72%). and urauiitm-234 (0.005%). Most &i.&itfg-water 
tzoWc&s. especially grourkl waters, amtaiu soluble carhoitates and 
hicarhonates that complex amI keep urauium in solutiou. 

2, *ktlon of Method 

Method B. a radiochemical procedure, detetmiues total uranium 
alpha activity without making au isotopic urauium analysis. 
Method C is a radicchemicaI procedure that detexmiues the iso- 
topic content of the uranium aIpha activity; it is consistent with 

0 

determining the differences am&g nahual& ouwring, deplete4 
and enriched uranium. 

- 
l Approved by Srmdaxd MCttmds Corn&tee. 1996. 

3. Bibliography 

GRMUDI, F. S. ot al. 19%. Colleoted Papus on Methods of tiysls for 
Uranium and Iborhmi. BnlI. 1006. U.S. Go&&al snnicy. 

Bv, R 1963. Uranium Docay Sodies Dlqolllbrlum la Age DD 
termnaiou of Malino Calcium C&omit& Ph.D. The& washlog- 
ton Univ., St. Louis, MO. 

B.uurun, F. B. et al. 1965. D&erminatlon of uranium ln natural watas. 
U.S. Geological survey. water Supply Papa 1696-C. U.S. Govcm- 
merit Printing Off., Wasbingtoo, DC. 

EDWARD. K. W. 1%8. Isotopic analysis of maninm in nntmal watas by 
alpha wy. U.S. GeoIogical Survey, Water Slimily Paper 
1696-F. U.S. Gov emulent Fvipting off.. washin- D.C. 

THAW L. L, V. J. JANZR & K W. EDWARDS. 1977. Methods for 
Detamhatio~ of Radioactive Substances in Water and Fluvlal Sed- 
iments. Book 5, Chapter A5. Tcclmlq~ of Water-Resoums hives- 
tigations of the United States Goologioal Survey. U.S. Govemmont 
Printing off., Wasbingtoa, D.C. 

KRJEGER, H. L. 8 E. L. W~~~~AKER. 1980. Proscribed procedurts for 
measoromoot of radioactivity in drinklog water. EPA-600/4-80.032, 
U.S. Environmental protection Agency. 



7-20 FiADlOACTlVlTY (7000) 

- S%, respectively, for an average of 8.3%. Coefficients of vari- 
n for reproducibility (combined within and between laboratory 

m 

ision) of 20.4, 16.8, 18’7, and 18.5% respectively, were ob- 
ed for an average of 18.6%. 

A comparison of the 18 1;aboratory grand average results (cal- 
culated with the z301h counting efficiency) and known gross al- 
pha particle concentrations showed accuracy indexes of 91,.9, 
99.4, 122, and 94.5%, respectively, for an average accuracy index 
of 102%. The r-test for bias showed a significant positive bias for 
Sample C but no significant bias for the other three samples. 

7. 

1. 
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7120 GAMMA-EMITTING RADIONUCLIDES* 

7120 A, Introduction 

For information about occurrence of natural and artificial ra- 
dioactivity, see Section 7llOA.l. 

* Approved by Standard Methods C~mmittec. 1997. 

7120 B.. Gamma Spectroscopic Method 

u Application: This method describes the use of gamma spec- 
troscopy, using either germanium (Ge) diodes or thallium-acti- 
vated sodium iodide [NaI(ll)J crystals, for the measurement of 
gamma photons emitted from radionuclides present in water. The 
method is applicable to samples that contain radionuclides emit- 
ting gamma photons with energies ranging from about 60 to 2000 
KeV. 

The method can be used for qualitative and quantitative deter- 
minations with Ge detectors or for screening and semiquantita- 
tive and semiqualitative determinations with maI( detectors. 
Exact quantitation using NriI is possible for single nuclides or 
when the gamma emissions are limited to a few well-separated 
energies. Oetection limits for typical counting systems range from 
a few picocuries (pCi) of gamma activity for a lOOmin count to 
approximately 100 pCi for a 5-min cou$ depending on counting 
geometry and gamma ray energy and abundance. 

lktezmm energy and efficiency calibrations for each detector 
at several energies between 50 and 2000 KeV for the geometxies 
of interest. Gamma ray libraries’~ for Ge spectrometry should 
contain the nuclides and gamma ray lines most likely to be found 
in water samples. Have computer software available to list the 
contents of the library and to add more nuclides and gamma ray 
lines to the library for peak search routines. 

b. Prin@pie: Because gamma spectroscopy is nondestructive, 
possible to analyze for gamma-emitting radionuclides without 

them from the sample matrix. This technique makes it 
identify and qua&ate gammaemitting radionuclides 

when the gross beta screen has been exceeded or it is otherwise 
necessary to define the contribution of gamma-emitters to the total 
radioactivLy present. 

A homogeneous water sample is. put into a standard geometry 
for gamma counting. The counting efficiency for this geometry 
must have been determined with a mixed energy gamma standard 
containing known radionuclide activities. Sample portions are 
counted long enough to meet the required sensitivity of measure- 
ment. 

The gamma speatqn is printed out and/or stored in the appro- 
priate computer-compatible device for data processing (calcula- 
tion of sample radionuclide concentrations). 

Consult a good text on gamma ray spectmmetrys for a more 
detailed discussion. 

c. Sam@ing and storage: See Table 7OlO:L. 
d Interferences: Significant intetference occurs when a sample 

is counted with a NaI(Tl) detector and the sample radionuclides 
emit ‘gamma photons of nearly identical energies. Such interfer- 
ence is greatly reduced by counting the sample with a Ge detector. 
Higher-energy gammas that predominate may completely mask 
minor, less energetic photopeaks for both Ge and NaI detectotx 
by increasing the baseline or Compton continuum. 

Interferences can occur with Ge detectors from cascade peak 
summing, which results when two or more gamma rays are emit- 
ted in one disintegration, e.g., with cobalt-60, where 1172 and 
1333 KeV gamma rays are emitted in cascade. These can be de- 
tected together to produce a sum peak at 2505 KeV or a count in 
the continuum between the individual peaks and the sum peak, 
thus causing the loss of counts from one or both of the other two 

. 
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Cascade summin g (as distinct from random summing) is 
eometrylcounting efficiency dependent (but not count rate de- 

with the effect, and hence error, increasing as tighter 
geometries and more efficient detectors are used. This problem 
has become more commonplace with the availability of larger, 
more affordable, and more efficient Ge detectors. 

Sample homogeneity is important to gamma count reproduci- 
bility and counting efficiency validity. When sample radionu- 
elides are adsorbed on the walls of the counting container, the 
sample is no longer homogeneous. This problem can be lessened 
by adding 15 mL 1N HNO$L sample at collection. 

Sample density and composition can affect data quality. Pre- 
pare efficiency calibration standards in the same geometry and 
density as the samples. Ensure reproducible sample geometry to 
limit bias4 Plexiglass spacers may be useful in producing consis- 
tent sample positions. Random noise produced by vibration or by 
improper grounding can increase peak width and introduce ad- 
ditional uncertainty. 

e. safety: NO unusual hazards are associated with the reagents 
used in this pro&we. Follow routine safety precautions, i.e., 
wear laboratory coat, plastic gloves, and safety glasses and use a 
hood, when transferring samples and standards and preparing 
standards when solutions of gammaeknitting radionuclides are 
used Cool germanium diodes with liquid nitrogen when they arc 
being used to count samples. Take care when transferring liquid 
nitrogen from the storage dewar to the dewar used to supply cool- 
ant for the germanium diode. Use cryogenic gloves, protective 
clothing, and eye protection. 

Y . Apparatus 

a. Detector, large-vohtme (> 50 cm3) germaniumdiode detec- 
tor or 10.2-cm X 10.2-1x1 (4-m X 4-m) thallium-activated so- 
dium iodide crystal IrJaI(Tl)] detector. Smaller detectors may be 
acceptable if inherent limitations, such as reduced counting cffi- 
ciency, are taken into account Be sure that large detectors can 
accommodate reentrant (Marinelli) beakers. Germanium (Ge) de- 
tectors are preferred because of better photon energy resolution. 
Despite the possibly higher counting efficiencies of NaI(Tl) de- 
tectors, the considerably narrower peak shape from a Ge detector 
leads to fewer baseline counts, thereby improving peak sensitivity. 
Preferably do not use Nal(Tl) detectors to make both qualitative 
and quantitative analyses for samples containing multiple gamma- 
emitting radioisotopes; however, they are preferred if a single 
nuclide is being quantitated Ge detectors may be of either intrin- 
sic (pure) germanium type or lithiumdrifted germanium [Ge(Li)] 
type. Both require use of liquid nitrogen for cooling when bias 
voltage is applied to the detector., Intrinsic Ge detectors can be 
stored or shipped at ambient tempemmres; Ge(Li) detectors must 
be cooled with liquid nitrogen at all times to avoid damage to 
detector. 

b. Ganma-ray spectrometer plus analyzer with at least 2048 
channels for Ge or 256 to 512 for NaItTl). See Section 703OB.5. 

c. Counting coniuiner, standard geometry for either detector, 
e.g., 0.5-L cylindrical container, 0.45-L or 4-L re-entrant (Mari- 
nellir polyethylene beaker. Counting comainers of other sizes 
often are used. 

a 

d Computer: Use a data acquisition system including a com- 
uter (PC, networked-PCs, or larger) supplied with software to 

automate the processing of raw spectral data as outlined in Sec- 
tions 4 and 5, below. Software should contain algorithms to: per- 

form energy and efficiency calibrations; locate peaks (deconvo- 
luting multiplets as needed; that may require a separate routine[s] 
for low-resolution NaI counting data); perform peak integrations;- 
perform nuclide searches; do activity calculations (result., uncer- 
tainty, and MDA); and manage the library reference information 
needed to support these actions. 

e. High-voltage power supply. 
f Amplifier, suitable for spectroscopy with gain and shaping 

time adjustments and baseline restoration. 
g. Analog-to-digital converter and spectrum storage device. 

3. Reagents 

a Distilled or deionized water, radon-free, for standard prep 
aration and sample dilution. 

b. Nitric acid, HNOJ, 1N. 

4. Procedure 

a. Energy calibration: Use NEST or NIST-traceable, or equiv- 
alent standards. For a Ge system, adjust analyzer amplifier gain 
and analog-&digital converter zero offset to locate each photo- 
peak in its appropriate channel. A 0.5- or 1,OKeV per channel 
calibration is recommended. If the system is calibrated for 1 KeV 
per channel with channel zero representing 0 KeV, the energy 
will be equal to the channel number. Check and adjust the pole 
zero cancellation of the amplifier output if required.s 

Use a standard containing a mixture of gamma energies from 
about 100 to 2000 KeV for energy calibration. Multilme gamma 
standards can bc obtained commercially or can be prepared by 
the user. Some laboratories use radium-226 and daughters in equi- 
librium or em-opium-152 for this purpose. NIST SRM 4275 is a 
solid source that is useful for energy calibration and routine mon- 
itoring of instrument performance. Solid sources prepared on plas- 
tic mounts are stable and are recommended. Count energy cali- 
bration standards long enough to minimize uncertainty due to 
counting statistics; as a rule of thumb accumulate 10 000 counts 
in each photopeak area resulting in a counting error of 1%. 

For a NaI(Tl) system, a lO- or 2O-KeV per channel calibration 
is adequate. A solid multipeak standard source, e.g., bismuth-2O7, 
is satisfactory for energy calibration. 

b. Eftciency calibration.+ Use NIST, NIST-traceable, or equiv- 
alent standards with minimal cascade summing concerns, Use a 
known amount of a multipeak standard or various radionuclides 
that emit gamma photons with energies weIl spaced and distrib- 
uted over the normal range of analysis; put these into each con- 
tainer geometry and gamma count for a photopeak spectrum ac- 
cumulation. Count efficiency calibration standa& long enough 
to minimize uncertainty due to counting statistics; as a rule of 
thumb accumulate 10 Ooo counts in each photopeak area, result- 
ing in a counting error of 1%. 

Determine counting efficiencies for the various gamma ener- 
gies (photopeaks) from the activity counts of the known-value 
samples as follows: 

c E=- 
AXB 

where: 
E = efficiency (expressed as counts per minute/gamma rays emitted 

per minute). 
C = oet count rate, cpm (integrated counts in the photopeak above 

the baseline ccmtimmm divided by the counting duration), 
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A = activity of radionucliie: added to the &en &cometry container, 
dpm (eormcted for decay, if necessary), and 

E = gamma-ray abundance: of the radionuclide being measured, 
gammasldisintegratio 

Plot counting efficiency a@nst gamma energy for each con- 
tainer geometry and for each detector that is to be used. For NaI 
systems, prepare a library of radionuclide spectm from counts of 
known radionuclide-water sample concentrations at standard ham- 
ple geometries. 

c. Sum@ meawrementr Measure sample portion in a standard- 
geometry container calibrated as directed in 1s u and b above. 
Place container and sample on a shielded Ge or NaI(Tl) detector 
and gamma count for a period of time that will meet the required 
sensitivity. Print gamma spectrum and/or store the spectrum on 
the appropriate computer-compatible device. 

5. Calculations 

The equations (Sections 4 and 5) describe the fundamental re- 
lationships between the defined variables and could be used if the 
calculations were to be perfotmed manually. NaI spectral data, 
with their high probability for peak overlap due to low msohnion. 
often require complex peak unfolding routines. Modem gamma 
spectroscopy systems rely on vendor-supplied computer software 
to process the 256 to 500-plus (for NaI systems) and up to 8000 
(for Ge systems) data points. The supplied software should be 
accompanied by documentation describing the algorithms, which 
must incorporate the fundamental relationships presented here. 

Determine isotopes indicated by the gamma spectrum as fol- 
‘s: Identify all photopeak energies, integrate photopeak regions 

a 
the spectrum and subtract the area under the baseline contin- 

to determine the true photopeak area, and identify isotopes 
by their appropriate photopeaks, and ratios to each other when 
more than one gamma photon is emitted by an isotope. 

Calculate the sample radionuclide concentrations as follows: 

A’ = - C 
2.22 x B X E X V X e-& 

where: 

A’ = 
v= 

e-u = 

2.22 = 

sample ladiomxlidc coacenuanol& pCii 
sample volume, L. 
decay factor (corrected 16 sample collection time), With A = 
decay cimstant for rile galmna-emittiag rarliomIclide being an- 
alyzed. and r = duration of time from sample collection to 
colmIin& 
conversiou factor fmm dpm to pCi, 

and B, C, and E am as detined in 14a above. Calculate the 2u 
counting error term for gamma-emitters as follows: 

z&3 

;lappcin = %! X B X E X VX e-a 

l G = photopeak area below continuum, cprn, 
z, = counting duratiou. min. 

and other terms are as defied above. 

f3ADIOACTIViTY (7000) 

Report the result and counting error together in the form: 

X-c2U,pCii 

Vendor-supplied software usually can calculate a Total Prop- 
agated Uncertainty (IPU). If so, the 2u value reflects the total 
uncertainty and not just the counting error. The vendor-supplied 
software also should calculate a Minimum Detectable Concentra- 
tion (MDC) (see Section 702OC.3 for a general discussion). Re- 
port concentration, uncertainty, and MDC for each sample. 

6. Quality Control 

See Section 7020. 
a Duplicates: Make duplicate analyses for one out of every 

ten samples. (See Section 702OA.3c.) If it is known or strongly 
suspected that the sample(s) contain no detectabIe gamma-emit- 
ting radionuclides, do not use the sample(s) for duplicate analysis. 
In such a case, rely on ttK results of known-addition samples as 
described below. If desired analyze known-addition samples in 
duplicate. 

b. Kmwmraififion 5umple: Analyze a known-addition sample 
for one out of every ten samples. This may be freshly prepared, 
or it may be a previously analyzed standard sample such as a 
performance evaluation sample from EPA-Las Vegas. See Section 
702OA.3d. 

c. Background: See Section 703OB.53) and 702OA3b. Fmd 
and identify any background lines that may be present. If present, 
subtract the background counts line by line from the sample pho- 
topeaks. Even if background does not significantly affect results, 
monitor it to ensure system integrity. Weekly background counts 
for durations longer than normal sample counting durations may 
be needed to quantify low-level activity from nuclides such as 
cobalt-60. 

d Energy calibratih~ heck the energy calibration daily or 
before each use with a multi-line source as in p 4a above. 

e. Ejficiencj check: Check detector efficiency daily or before 
each use with a stable multiline source in a reproducible geom- 
etry- 

$ Record: Collect and maintain results from duplicate pairs 
and check smndards. Include date, results, analyst’s name, and 
any comments relevant to the evaluation of these data. 

7. Precision and Bias 

‘Ibe precision of an individual measurement by gamma spec- 
trometry can be improved by increasing sample counting duration. 
It may be necessary to gamma count for as much as 1000 mitt to 
reach desired precision Other ways of increasing precision of an 
individual measurement are to increase sample volume, use a 
more efficient detector; or concentrate the sample. To obtain ac- 
curate results. calibrate carefully and use standard&d radionu- 
elides at the proper activity and purity levels. 

Collaborative test data for a closely defined technique or pro 
cedure were not available for gamma-emitters in water. However, 
data from USEPA’s Enviromnental Radioactivity Performance 
Evaluation Studies Program are presented here. Table 712&I is a 
summary of the recovery. within-laboratory variance, S, and to- 
tal-error variance, S,, regression line equations for each gamma- 
emitter studied. These data are from the analysis of gamma-emit- 

‘ 
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TAILS 7120~1 GAMMA-~ ~COVERY AND htl?ClSlON ESTlMATE -1ON hNl2 &WtlONS 

S, SR 
NUClidC Recovery pCin pCilL 

Iodirre-131* y = 1.013x - 0.64 y = 0.033x + 1.82 y = 0.073x + 2.66 
c Ccsium-137 y = 1.004x + 0.79 y = 0.024x + 1.40 y = 0.049x + 1.93 

Cesium-134 y = 0.919x + 0.60 y = 0.028.x + 1.25 y = 0.0%~ + 1.67 
Barium-133 y = 0.938.x + 2.82 y = 0.024x + 1.49 y = 0.064.x + 1.78 
Rutbeuium-106 y = 0.923x + 2.33 y = O.OSlx + 3.67 y = 0.072.x + 7.27 
zinc-65 y = 1.016x + 0.49 y = 0.029x + 2.61 y = 0.054x + 3.74 
cobalt-60 y = 0.986x + 0.79 y = 0.023x + 1.35 y = 0.045x + 1.94 
cbromiuul-51 t y = 0.997x + 0.30 y = 0.058x + 3.99 y = 0.081x + 8.67 

+Aaalyzedsinglyaaasepamtcstudyfromthaotkgamma-emittexs. 
t No longer wd. 

ting radionuclides in standard samples by participants in the pro- 
8’ gram from 1981 to 1995. it is not possible to say how many 

mvestigatom used NaI(Tl) detectors in the early years of the data 
CQtlection period. It is believed that most, if not all, are now using 
germanium detectors, and that the data are comparable among ali 
participating laboratories. The gamma spectral data from the 
Gamma Performance Evaluation and Blind Samples from Feb- 
ruary 1981 through November 1995 (April 1981 through October 
1995 for iodine-131) were summarized by study and the data were 
arrayed for analyses. See ‘Table 712O:II. 

Regression equations were generated for: recovery, grand av- 
erage of each study; estimate of precision, standard deviation (1 

‘: u) of the mean value of each study, SF; within-laboratory standard 
deviation (1 a). also known as the repeatability or random error, 
’ . ‘n 

e 

between-laboratory standard deviation (1 0). also known as 
e systematic error, Sr; and total error from within and between 

labs, also known as reproducibility, &. S, equals the square root 
of the sum of the variance of the within-laboratory error and the 
between-laboratory error, i.e., the reproducibiity variance is equal 
to the sum of the random variance and the systematic variance. 
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TABLZ 7120X GAMMA-Et.urnw STUDY: S UMMAaY OP PNtllQFwus 

NUCIi& 
No. of Concentration Range 

StUdits* LJcin 

Iodix~l31 31 
Cesiun-137 72 
Cesium-134 71 
Barium-133 17 
Ruthenium-106 35 
zinc-65 41 
cobalt-60 62 
Chromium-5 1 19 

14-148 
4-94 
2-64 

49-l 10 
15-252 
lo-165 
8-69 

21-302 

No. of 
Pmticipantst 

42-l 19 
45-197 
17-l% 

118-192 
20-193 
61-195 
75-l% 
34-124 

No. of No. where 
Aoaptables+ u+o9 

39-115 34-105 
43-180 30-158 
15-183 8-165 

107-181 94-156 
17-179 11-135 
55-182 46-163 
70-183 48-165 
32-121 16-112 
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$ Numba of participants used in calculating grand average and standard deviation of grand average. 
5 hticipants rtpolting withio laboratory variance equal to zero were not used in calculating the study within-laboratory, ~JCIWWJF~&OM~~, and 
total - variance. 



7-24 f3ADlOACfNlTY (7000) ” 

cd Assessments. LXWl’IC-11026. U.S. Dep. Emrgy, National 
Technical Information Center, Springfield, Va 
ONAL &IJNCU cm hDUTION l’acmcmm AND S. 1985. 
A Handbook of Radioactiwity Measurements Pmcedure~. NCRP 

Rep. No. 58, National Couac. Radiation Protection & Measumments. 
Bethesda, Md. 

KNoLl G.F. 1989. Radiation Detection and Measurement. John Wiley & 
Sons, New York, N.Y. 

,.I 

7500-G RADIOACTIVE CESIUM* 

75OO-Cs A. Introduction 

Radioactive cesiutn h&s been considered one of the more haz- 
ardous radioactive nuclides produced in nuclear fission. Upon in- 

l Appved by Shndml Me&ds Chmmitbx, 1993. 

gestion, like potassium, cesium distributes itself throughout the 
soft tissue and has a relatively short residence time in the body. 
Half-lives of ‘j4cs and 13’Cs a& 2 and 30 years, respectively, 
both being beta- and gamma-emitters. t 

7500-Cs B. Precipitation Method 

1. General Dimion 

(IE 

‘rincipZe: If the activity of cesium is high, radioactive cesium 
be determined directly by gamma-counting a large liquid sam- 

e (4 L) or the sample can be evaporated to dryness and Counted. 
For lower-level environmental samples, add cesium carrier to an 
acidified sample and collect the cesium as phosphomolybdate. 
This is purified and precipitated as cszptcb for counting. If total 
radiocesium determined by beta-counting exceeds 30 pCi/L, de- 
termine ‘Ts and 13’Cs by gamma spectrometry. 

add, with constant stirring, the (NH&Mo&4 solution to the 
HN& solution. Let stand for 24 h. Filtert and discard insoluble 
material. 

2. Apparatus 

a. Magnetic stirrer with ‘IF&coated magnet bar. 
b. Centn~ge, bench-size clinical, and centrifuge tubes. 
c. Filter papers* and glass fiber filter, 2.4 cm diam. 
d pH paper, wide range, 1 to 11 PH. 
c. Filtering appamtus: Se Section 75OO-Sr.B.2c. 
f Counting instruments: Use either a low-background beta 

counter (see Section 703OB. 1) or a gamma spectrometer (see Sec- 
tion 703OB.5). 

Collect filtrate in a 3-L beaker and heat to 50 to 55°C (never 
above 55°C). Remove fromheating unit. Add 25 g sodium di- 
hydrogen phosphate (NaH~FO.+) dissolved in 100 mL distilled war 
ter, stir occasionally for 15 min. and let settle (approximately 30 
min). Ellter and wash precipitate with 1% potassium nitrate 
(KN03) and finally with distilled water. Dry precipitate and paper 
at 100°C for 3 to 4 h. T&fez solid (NH&F’MoIzO~ to a weigh- 
ing bottle and store in a desiccator. 

b. ChbropZuhic acid, O.lM: Dissolve 5 1.8 g HzF’tC&-6Hz0 in 
distilled water and dilute to 1000 mL. 

c. Cesim carrier: Dissolve 1.267 g cesium chloride (CsCl) in 
d&tilled water and dilute to 100 mL, 1 mL = 10 mg Cs. 

d Calcium chloride, 3M: Dissolve 330 g Cat& in distilled 
water and dilute to 1000 mL. 

e. Ethanol, 95%. 
j Hydrochhic acid, HCl, cone, 6N. 1N. 
g. Sbdium hydroxide, NaOH, 6N. 

4. Procedure 

3. Reagents 

a Ammonium phosphondybdate reagent, H~~Mo,~N~O.& 
Dissolve 100 g molybdic acid (85% Ma) in a mixture of 240 
mL distilled water and I,40 mL cone ammonium hydroxide 
WOH). When solution is complete, filter and add 60 mL cone 

ic acid @lN&). Separately mix 400 mL cone HN03 and 960 
distilled water. After both solutions cool to room temperature, 

a To a 1-L sample, add ‘1.0 mL cesium carrier and enough 
cone HCl to make the solution about O.lN HCl (about 8.6 mL). 
Slowly add 1 g (NH.&PMol~OW and stir for 30 min using a 
magnetic stirrer at 800 rpm. Let precipitate settle for at least 4 h 
and dii supematant by decanting or using suction (provided 
by an inverted glass furl connected to a vacuum source). Using 
a stream of 1N HCl, quantitatively transfer precipitate to a cen- 

No. 41.9 cm diam; Whatman No. 42.2.4 cm diam; or equivaknt. tWlsam~No.42f111upepacrrequivalenL 



Uranium 

1. Method 7500-U B, “Radiochemical Method” 

2. Method 7500-U C, “Isotopic Method” 
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where: 

b.. 
C = gross counting rate for sample, cpm, 
B = backgrolind counting rate, cpm, 
E = counting efficiency, (S - B)/D, 

: S = gross counting rate for standard solution, cpm, and 
D = tritium activity in standard sample, dpm, corrected for decay 

to time of counting. 

tr. Calculate the counting error at the 95% .confdence level 
b.as+ on the equation for o(R) given in Section 7OloG. A total 
count of 40 000 within 1 h for a background count rate of about 
$9 qp givgs a count& error slightly in excesq pf 1% at the 95% 

! gmfi~ety~ level. 

‘,&nplqs with tritium activity q&ve 200 pCiin$ ,can be ana- 
l$ed with precision of’ less than 26% at the 95% confidence 
level and those with 1 pCi/mL can be analyzed with a precision 
of less than + 10%. 
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7500-U URANIUM* 

._ 1 7930-U A. Introduction 

/’ 3. Bibliography 

1. Ocqirrence 

Uranium, the heaviest naturally occurr@ element, is a mixture 
(;lf three radioactive isotopes: ura&n-238 (99.275%), uranium- 
235 (0.72%), and uranitim-234 (0.005%). Most diinkiri$-water 
sotic&; especially ground waiers, contain soluble ta&&ates and 
bictinates that complex and keep uranium in solution. 

2, Selection of Method 

Method B, a radiochemical procedure, determines tot$ uranium 
alpka activity without making an isotopic uranium aqalysis. 
Method C is a radiochemical procedure that determines the iso- 
topjc content of the uranium alpha activity; it is consistent with 
d&rmiuing the differences among naturally occurring, depleted, 

B 
and enriched uranium. 

,.A - 
* A&roved by Standard Me&c& Committee, 1996. 

GRIMAJ-DI, F. S. et al. 1954, Collected Papers on Methods of Analysis for 
Uranium add Thoriuni. Bull. 1006, U.S. Ge&iogical Suriiey. 
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7500-U B. Radiochemical Method 

RADl0ACTlVl-i-Y (7000) 

General Discussion 

a. Principle: The sample is acidified with hydrochloric or nitric 
acid and boiled to eliminate carbonate and bicarbonate ions. Ura- 
nium is coprecipitated with ferric hydroxide and subsequently 
separated. The ferric hydroxide is dissolved, passed through an 
anion~xchange colamn. and washed with acid, and the uranium 
is eluted with dilute hydi&hlori’c aid. The acid eluate is evap 
Orated to near dryness, the residual salt is converted to nitrate, 
and the alpha activity is uurnted. 

b. Infelferencei The only alpha-emitting radionuchde that may 
be carried through this procedure is protactinium-231. However, 
this isotope, which is a decay product of uranium-235, causes 
very little interference. Check reagents for uranium contamination 
by analyzing a complete reagent blank. 

c. Sampling: Preserve sample,by adjusting its pH to <2 with 
HCl or HNOs at time of oollection. 

2: Apparatus 

Q Counting ititrument, gas-flow pmportional or alpha scintil- 
lation c0unting system. 

b. Ion-exchange column, approximately 13 mm ID X 150 mm 
long with lOO-mL reservoir. 

c. Membrane filter apparatus, 47-mm diam. 

3. Reagents 

0 
a. Ammonium hydroxide, WOH, SN, 1%. 
b. Anion-exchange resin. * 
c. Ferric chloride carrier: Dissolve 9.6 g FeCls.6H20 in 100 

mL OSN HCl; 1 mL = 20 mg Fe-. 
a! Hydriodic acid, HI, 4’7%. 
e. Hydrochloric acid, HCI, cont. 8N, 6N, O.lN. 
jT Iodic acid 1 mg/mL,: Dissolve 100 mg HI03 in 100 mL 4N 

HNO3. 
g. Nitric acid, HNO3. cone, 4N. 
h. Sodium hydrogen sulfite, 1%: Dissolve 1 g NaHSOs in 100 

mL 6N HCl. 
i. Uranium stamfard sobrtion:t Dissolve 177.3 mg natural un- 

depleted ,pranyl acetate, UOz(CsH302)2~2H20. in 1OOO mL 0.2N 
HNO,; 1 rnL = 100 pg U = 150 dpm U 7 67.6 pCi U. Nom: 
Commonly available uranyl salts may bc f0rmed from depleted 
uranium; verify isotopic composition before use. 

4. Calibration 

Determine counting efficiency, E, for a known amount of ura- 
mum statrdard solution,(abcmt 750 dpm) evaporated from 6 to 8 
mL of 1 m@nL HIOs solution in a 5O-mm-diam stainless steel 
plauchet. After flaming planchet,, c0unt for at least 50 min. Run 
a reagent blank with thk standard portions and count. 

* Dowex 1 x4,100-200 mesh, chloIidc f&m, or equivalent. 
t Standard -vesolutions with uranium isotopes in equilibrium art available 
for participants in the performance cvalwtion studiw program from the U.S. En- 

+onmentd Rot&ion Agency. NRALSID. P.P. Box 93478, Las Vegas, NV 
93. A uranium oxide assay standard, CRM 129. is available for purchase from 
. Depattmcat of Eaergy, Cbica#:o Opaations Oftice, New ‘Bmmwick Labors 
, D-350, 9800 South Cam Avenue. Argonac, IL 60439. 

C-B 
Counting efficiency, E = D 

where: 

C = gross alpha count rate of standard, cpm, 
B = alpha background count rate, c@m. and 
D = disintigrati‘tn rate of nrauiuti standard, dpm 

Determine uraniiim recovery fact& by adding a ‘measured 
amount of uranium standard to the same volume of sample and 
taking it through the entire procedure. Alpha count me separated, 
evaporated, and flamed uranium planchet. Determine the m&very 
factor on at least 1.0% of all drinking water samples. For non- 
driuking wa&.‘ stur$les, it may be necessary to determine the 
recovery factor in every sample. 

C’ - B’ 
Recovery factor, R = - 

DE 

. 

where: 

C’ = gross count rate of sqmple with added uranium, cpm, 
B’ = coqrtt of reagent blaak, cpm. 
D = disintegration rate of uranium standard, dpm, and 
E = counting efficiency. 

5. Procedure 

a. If the sample has not been acidified, add 5 mL cone HCl or 
HNOs to 1 L sample in a 15OO-mL beaker. Add 1 mL FeC13 
carrier. In each batch of samples include a distilled-water blank. 
Cover with watch glass and heat to boiling for 20 mm. If pH is 
greater than 1, add cone HCI or HN09 dropwise to bring pH to 
1. While sample is boiiqg, gently add 5N -OH from a poly- 
ethylene squeeze bottle with the delivery tube inserted between 
the watch glass and the beaker lip. Add 5N NELOH until turbidity 
persisti while boiling continues; then add 10 mL more. Continue 
boiling for 10 mm more, then set aside for 30 mm to cool and 
settle. After sufficient settling, decant and lilter supemate through 
a 47-mm, 0.45~pm membrane filter using a large liltering,~appa- 
ratus. Slurry the remaining precipitate, transfer to the filtering 
apparatus, and filter. with, suction. Complete~~trimsfer, using 1% 
solution 0f J@@$ delivered from. a polyethylene squeeze bottle. 
Place filte&g~apparatus over a clean 2&+L filtering f$s& add 
25 mL slt( tic1 to $isso!ve precipitate, a@filter. Wash f@r with 
an additipnai 25 ,mL ,gN ,$Cl. (A&emativeiy, use centrifugation in 
place of filtration as in 75OO-U.C.4u.) 

b. Prepare an ion-exchange column by slurrying the anion- 
exchange resin with 8N HCl and pouring it into a 13&1i-ID 
column to give a resin bed height of about 80 mm. Transfer so- 
lution to the lOO-ml., reservoir of the ion-exchange coi’umn. Rinse 
side-arm filtering flask twice with 25-mL portions of’8N HCl. 
Combine in the ion-exchange reserv6ir. Pass sample solution 
through the anion-exchange column at a flow rate of not more 
than S mUmin. After sample has pass& through columii. ehne 
the iron (and plutonium if present) with six column vohmies of 
freshly prepared 8N HCl containing 1 mL 47% HI /9 mL 8N HCl. 
Wash column with two additional column volumes of 8N HCl. 

. 
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Discard all washes. Elute uranium into a 100-t& beaker with six 
column volumes of O.lN HCl. Evaporate acid eluate to near dry- 

by three successive 
evaporating to near 

dryness each -time. Do not Me. Dissolve residue (of which there 
may be very little visible) in 2 mL 4N HFQ. Using a transfer 
pipet, transfer to a marked planchet. Complete transfer by rinsing 
b&k& three times with 2-mL portions of 4N HNOa. Evaporate 
planchet contents to dryness under a heat lamp, flame to remove 
traces of HIOa, cool, and count for alpha activity. 

c. To regenerate anion-exchange resin column, pass three col- 
uidn volumes of 1% N,aHSOa in 6N HCI through the column, 
follow with six column volumes of 6N HCl, and then three col- 
umn volumes of distilled water. Do not let resin become dry. 
When ready for the next set of samples,’ eq@brate by passing 
six column volumes of 8N HCl through the column. ’ 

1. General Discussion 
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6. Calculations 

Uranium alpha activity, pCi/L = 2.ti i :iy 

where: 

C” = gross count rate of sample, cpm, 
V = volume of sample, L, and other factors are as defined above. 

7. Precision and Bias 

In a’:tollaborative study, three sets of triplicate samples with 
known additions of uranium were analyzed by 18 laboratories. 
The average recovery was 91.5%. The estimated average 95% 
repeatability interval was 29.3% of the uranium concentration 
over the range of 8 to 75 pCin. The estimated average 95% 
reproducibility interval was 37.2% over the same range. 

75003J C. Isotopic Method i 

42. ,P+?pZe: The sample is acidified with~hWlro&loric or nitric . . i - _ 
a~id and uranium-232 is added~ as qr isotopic tracer. Uranium is 
separated as in the radiochemical method (see Section 7500U.B) 
and is electrodeposited onto a stainless steel disk for counting by 
alpha pulse height analysis using a silicon surface barrier detector. 

B b. Interferences: The only alpha-emitting radionuclide that may 
be carried through the procedure is protactinium-23 1. The pres- 
ence of this radionuclide can be determined from the alpha spec- 
trum and the interference subtracted. Check reagents for uranium 
contamina$on by analyzing a complete reagent blank. 

c. Sampling: Preserve sample by adjusting its pH to <2 with 
HCJ or HN& at the time of collection. 

2. Apparatus 

a. Counting instrzunent, alpha spectrometer (see 703OB.4). giv- 
ing a resolution of 50 keV (FWHM) or better and having a count- 
ing efficiency greater than 15%. 

b. Ion-exchange column, 13 mm ID X 150 mm long with lOO- 
mL reservoir. 

c. Electrodeposition apparatus as shown in Figure 7500-U: 1. 
Although the electrodeposition cell is surrounded by water the 
water is not circulated because cooling is unnecessary. The cath- 

e 
s’ 

slsde has mirror finish, is 0.05 cm thick, and has an exposed 
k &rodeposition area of 2 cm*. The anode is a I-mmdiam plat- 
inttin’wire with an 8-mmdiam loop at the end above the cathode. 

& UC power suppZy, 0 td 12 V at 0 to 2 amp, for electrodep 
oaioli. 

e. Centtiflge, capable of handling lOO-mL or larger centrifuge 
bottles. 

3. Reagents 

LR addition toreagents d through g from Section 75OOU.B, the 
f&wing are needed: 

’ , 

I- 2 in. ID -; 
Micro bell glass* ! 

Liauid scintillation 
cokting polyethylene 
vial. 25 mL net \ ’ I \‘. 
cap&ii, with bottom I 
cut off, containing 

i 

4 
electrolyte solution _ 

Brass screw cap 
machined to fit 
25-mL polyethylene 
vial, with ‘/s in. diam 
by % in. long tube 
protruding from base 
ofcap 

Stainless steel tubing, 
X in. OD by 2% in. long: 
electrical connection 

c 

I 

----A 
Platinum 
wire 

I anode 

f- 

to cathode madi here 

Figure 7%0-U:l. Ektmdeposition appardus. To obtain dimensions in 
centiaMem, multiply dimensions itr inches by 2.54. 

a Ammonium hydroxide, Nl&OH, SN, 1.5N. and 0.15N. 
b. Anion-exchange resin.* 
c. Ethyl alcohol, made slightly basic with a few drops of cone 

NI&OWlOO mL. 
d Preadjusted electrolyte, (NH&SO~, lh4, adjusted to pH 3.5 

with cone mOH and cone H2S04. 
e. Suljiuic acid, HaS04, cone, 3.6N. 

* Bio Rad AGLX4. 100-200 mesh. chloride form, or eqdivaleot. 
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f. Sodium hydrogen su&te, about 5% in 18N HzSO.+ Dissolve 
‘d g NaHSOi.H& in l& mL water and carefully add IO0 mL 

nc HzS04. 
g. Thymol blue indicator, sodium salt, 0.04% solution. 
h. CJranium-232 tracer solution. 10 dpm/mL in IN HNO3; If 

possible use a 232U standard solution from, or traceable to, the 
National Inst$zute for Standards and Technology (NIST). Stand- 
arditi‘a fresIil3 purified soltitlon of =‘LJ by thorougtiy Ig a 
known amount with a known amount of ano@q uranium stand- 
ard such as 236v or natural uranium, and electroplating the mix- 
ture, D@mim, specify iWivity of the 232U solution from an 
alpha puise h&$t analysis of the electroplated mixture. Alter- 
natively, evaporate wtighed portions of a freshly purified 23?U 
solution (free of HCI) on stainless steel slides and count with a 
2a prap!3rtiopal counter. Detetine effkiency of the 27~ eounter 
accurately w&b aNIST alpha-particle standard. W$en u&g @ is 
standard, correct for resolving time and backscattering if neces- 
sary- 

4. Procedure 

a. If the sample has not been acidified, add 5 mL con&‘HCl or 
cone HN03 to 1 L sample in-a 15~mL beaker. Mix and check 
pH. If pH is greater than IL, add cone HCI or HIV& dropwise to 
bring the pH to 1. Adb 1 .O mL uranic-232 tracer solution and 
1 mL FeCl3 carrier. Cover, boil, add NJ&OH, cool, and let settle 
as directed in 75OOU.B.5a. Decant supemate, being careful not to 
remove any precipitate. Sluu-ry precipitate and supemate and trans- 
fer to a centrifuge bottle. Centrifuge and pour off remaining su- 
pemate. Dissolve precipitate with 8N HCl. Dilute to approxi- 

lately 

a 

50 mL with 8N HCl. 
b. Prepare ion-exchange column and transfer sampie solution 

o reservoir as dire&xi in 75OOU.BSb. Rinse centrifuge bottle 
twice with 25-n& portions of 8N HCl, and add rinse to the res- 
ervoir. Follow anion-exchange and uranium-elution procedures of 
75OC&J.$,5b. Evaporate sample to about 20 mL and add 5 mL 
cone HN03. Evaporate sample: to near dryhess. 

c. Add 2 mL 5% NaHS04 solution. Add 5 mL cone HN03, 
mix well, and evaporate $ts, dryness but do not bake. Warm ad 
dissolve in 5 mL preadj&ed electrolyte. Transfer tp electrodep- 
osition cell using an additional 5 t6 10 mL electrolyte in small 
increments to rinse the yaple beaker. Add 3 or 4 drops thymol 
blue in&ca{pr solution. J$ iI@  -color is not &&non pink, add 3.6N 
I&Sod (or cone ~OI-@imti this color is obtained,.,Plr+e plat: 
imun anodhin solution so that it is about 1 cm above the stainless 
steel slide that serves as the cathode. Connect e@t@e.s to power 
supply and adjust to give a current of 1.2 an$‘(&nstarit curreni 
payer supplies will not require. fitrther a$j,~$p~nts during elec- 
trodeposition). Ci+nue electrodeposition +.,I &. When electro- 
deposition is to be ended, add 1 mL cone NI&OH and continue 
for 1 min. Remove anode from ceII and then turn off power. 
Discard solution in celI and rinse two or three times with 0.15N 
NH.+OH. Disassemble cell and wash slide with ethyl rdcohol that 
has been made basic with WOH. Dry slide over a hot plate. 
Measure activity of the uranium isotop& using an alpha spec- 
trometer (see 7030B.4) within a week of preparati0n.t 

* Electrodeposition was the recommen&d technique for alpha spfztroacopy source 
:paration in the collaborative test of this me&od. A  number of laboratories are 
xedy wing a rare earth fluoridle cwpnxipitation technique for alpha spectros- 

source preparation. If adequate resolution can be obtained, the rare earth 
wide source preparation should be. adequate as an z+xnative to electrodeposi- 

5. Calculations 

a. Determine total counts for each uranium isotope by summing 
the counts in the peak at the energy corresponding to the isotope: 
If two isotopes are close in energy, complete resolution may not 
be possible, Subtract background from each peak. Make a blank 
correction for each peak, if necessary. 

b. Calculate concentration of each uranium isotope as follows; 

u,, pc:fi = =I x A, 
2.22 x c,v 

where: 

U, = concent+&t~ of uranium isotope being determined, 
Ci = net sampli c&ts in the energy region correspnding to ura- 

nium Gotope being measured, 
A, = activity of added uranium-232 tracer, dpm, 
C, = net sample counts in the energy region corresponding to ura- 

nium-232 tracer, and 
V  = sample volume, L. 

6. Calibratikn 

To calculate uranitim recovery, determine absolute counting ef- 
ficiency Q of the’alpha spectrometer. To de&mine efficiehcy 
count a standard sour& of a known alpha activity having the s&b 
active area as the samples. 

E c-* 
D 

whefk: 

C, = gross count raft in the energy region dorresponding to t& &i- 
ergy bf the standard, cpm, 

B  = background count rate in the energy region corresponding t’d 
the energy of the standard, cpm, and 

D = disintegration rate of standard, dpm. 

c 
Recovery factor, R t L 

t x A,E 

where: 
.’ :- 

t = sample counting time, min. 

:/- 
7. Precjsion and Bias ’ 7.. J& 1 

In a collaborative stugy, four se.5 of duplicate ~~&?$G&,$& 
known additions qf uranium isotopes were analyzed by ?@#~~ 
o&or&. Results ag&zd within 5% of the ref&eq‘e v&$s, ex- 
cept for very low &centrations of uranium (concentr&ioj$ 
proaching MDL due to background). Levels 1~s than QrJ 
can be detected by this method. . A< I’ 
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